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PREFACE

The primary purpose of training is to produce a combat Navy which can
ensure victory at sea. A victorious Navy is dependent upon the superior
readiness of personnel. A superior quality of training will ensure superior
readiness.

This Rate Training }Manual provides the technical knowledge and skill
requirements necessary to aid in preparing Engineering Aids to supervise
personnel engiged in performing tasks involved in surveying, drafting,
planning and estimating, construction scheduling, and quality control.
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THE UNITED STATES NAVY
GUARDIAN OF DUR COUNTRY

The United States Navy is responsible for maintaining control of the sea
and is a ready force on watch at home and overseas, capable of strong
action to preserve the peace or of instant offensive action to win in war.

It is upon the maintenance of this control that our country’s glorious
future depends; the United States Navy exists to make it so.

WE SERVE WITH HONOR

Tradition, valor, and victory are the Navy's heritage from the past. To
these may be added dedication, discipline, and vigilance as the watchwords
of the present and the future.

At home or on distant stations we serve with pride,-confident in the respect
of our country, our shipmates, and our families.

Our responsibilities sober us; our adversities strengthen us.

Service to God and Country is our zpecial privilege. We serve with honor.

THE FUTURE OF THE NAVY

The Navy will always employ new weapons, new techniques, and
greater power to protect and fefend the United States on the sea, under
the sea, and in the air.

Now and in the future. contrcl of the sea gives the United States her
greatest advantage for the maintenance of peace and for victory tn war.

Mobility, surprise, dispersal, and offensive power are the keynotes of
the new Navy. The roots of the Navy lie in a strong belief in the
future, in continued dedication to our tasks, and in reflection on our
heiitage from the past.

Never have our opportunities and our responsibilities been greater.
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CHAPTER 1
THE JOB AHEAD

It the Navy 15 to achneve Victory at Sea. cach
man must be well tramned to cnsure maximum
performance of s assigned  tasks. Adequate
trainIng requires every man to know i specific
job and constantly heep abreast of new clanges
to his rating.

Tiis manual 1s wrtten primarily to ad in
traming personnel to meet the professional
qualitications of the Engincering Aid, First Class
and Chief.

In this chapter, you will become familiar with
your increased responsibilities of the job alicad.
Chapter 2 deals with prnciples of SEABEE
admunistration, the orgamzation and  respon-
sibihties of personnel m the Opcrations Depart-
ment of a Naval Mobile Construction Battalion,
safety responsibilities, and the prinaples of the
Personnel  Readiness  Capability  Prograni.
Chapters 3 through 15 deal with the technicdl
subject matter of the Engmeenng Aid rating.
Ciiapter 16 1 concerned with Public Worhs
organization, responsibilities, and procedures.

It 1 strongly recommended that you study
this chapter and chapter 2 carefully before
beginning intensive study of the technical matter
contamed 1n the chapters that follow. In using
tlus tramng manual, study the information from
two points of view. First, what do you neea to
learn from 1?7 And second, how would you go
about teaching this mformation to others? Now
that you have these two points in mind, let’s add
a little motivation. *

As a SEABELE who gets ahead, you've done
quite a bit of Jimbing. Not the mountain
variety, but the kind that pays off in advance-
ment. Yet, just ke the mountain cdimber,
you're not vontent with the halfway pomt. You
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don’t want to remain motionless and become
stagnant. You want to reach the top. Right now,
you’re climbing to the rate of Engineering Aid
First Class or Chief. You realize, of course, that
these are responsible positions—the type that
require more than just an average amount of
skill and ability. but you can qualify. 1t will
mean additional hard work, study. training, and
practice. But what of it? No worthwhile achieve-
ment ever comes easily.

Your new job ahead will bring you in
constant contact with every phase of construc-
tion. Because the work is so varied, you will
have to become thoroughly familiar with
construction methods and the techniques in-
volved in the Engineering Aid rating. This
manual offers you the opportunity to gain 1
portion of the knowledge you will need. Further
training and experience will be needed. Practice,
study, and learn all you can about the equip-
ment and techniques of your unique trade and
you won't be left stranded at the halfway point.

REWARDS AND RESPONSIBILITIES

The job ahead will bring about both increased
rewards and increased responsibilities. The time
to start looking ahead and considering the
rewards and the responsibilities is right now,
while you are preparing to climb up the ladder.

By this time, you are probably well aware of
many of the advantages of advancement—higher
pay, greater prestige, more interesting and
challenging work, and the satisfaction of getting
ahead in your chosen career. You no dov.ot have
also discovered that one of the most enduring
rewards is the personal satisfaction you find in
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developing your skills and increasing your
knowledge.

The Navy also benefits by your climb to
higher success. Highly trained personnel are
essential to the functioning of the Navy. By eaci
advancement you increase your value to the
Navy in two ways. First you become more
valuable as a technical specialist in your own
rating. Secondly, you be_ome more valuable 4y a
person who can supervise, lead, and train others
and thus make far-reaching and long-asting
contributions to the Navy.

In large measure, the extent of your contribu-
tion to the Navy depends upon your willingness
and ability to accept increasing responsibilities
as you advance When you assumed the duties of
an EA3, you began to accept a certair. amount
of responsibility for the work of others. With
each advancement, you accept an increasing
responsibility in military matters and in matters
relating to the occupational requirements of the
Engineering Aid rating.

You will find that your responsibilities for
military leadership are about the same as those
of petty officers in other ratings, since every
petty officer is a military leader as well as a
technical specialist. Your responsibilities for
technical leadership are special to your rating
and are directly related to the nature of your
work. The administration and organization of
the enlisted personnel comprising the gdifferent
divisions of the Operations Department is a job
of vital importance, and it’s a team effort that
requires intelligent coordination by the senior
petty officer in the Department. As you move
ahead, you must continuously strive to improve
your administrative ability, technical knowledge,
and leadership potential. It requires a special
kind of leadership ability that can be developed
by personnel who have a high degree of tech-
nical competence and a deep sense of personal
responsibility.

In a sense, you are an administrator, and as
such, you must acquaint yourself thoroughly
with the mission of your organization-be it a
detached unit, Construction Battalion, or per-
haps on the staff of a Regiment or Brigade.

Make sure that you keep up-to-daie on the
status of all projects (underway and proposed)
under the cognizance of your unit. Anticipate
what role you and your men will play in the
actual accompiishment of your mission. Plan
ahead! At this point, let’s consider some of the
broader aspects of your increasing resy on-
sibilities for military and technical leadership.

YOUR RESPONSIBILITIES WILL EXTEND
BOTH UPWARD AND DOWNWARD. Both
officers and enlisted personsct will expect you
to translate the general orders given by officers
into detailed, practical on-the-job language that
can be understood and followed even by rela-
tively inexperienced personnel. In iealing with
your juniors, it is your mair responsibility to see
that they perform their work progerly. At the
same time, you must be able to explain to
officers any important needs or prcblems of the
enlisted men.

YOU WILL HAVE REGIJLAR AND
CONTINUING RESPONSIBILITIES FOR
TRAINING. Even if you are fortunate enough
to have a number of highly skil‘ed and well
trained Engineering Aids, you will wtill find that
training is necessary. For example, you will
always be responsible for training lower rated
men for advancement. Also, some of your best
workers may be transferred and inexpenenced
or poorly trained personnel may be assigned to
you. A particular job may call for skills that
nene of your personnel have. These and similar
problems require you to be a training specialist
who can conduct formal and informal traming
programs to qualify personnel for advancement
and who can train individuals and groups in the
effective execution of assigned tasks.

YOU WILL HAVE INCREASING RESPON-
SIBILITIES FOR WORKING WITH OTHERS.
As you advance to EAl and then to EAC, you
will find that many of your plans and decisions
affect a large number of people, some of whom
are not in the Engineering Division and some of
whom are not even in the Operations Depart-
ment. It becomes increasingly important, there-
forz, to understand the duties and respon
sibilities of personnel in other ratings. Every
petty officer in the Navy is a technical specialist
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in his own field. Learn as much as you can about
the work of other ratings, and plan your own
work so that it will fit in with the overall
mission of the organization.

AS YOUR RESPONSIBILITIES INCREASE.
YOUR ABILITY TO COMMUNICATE CLEAR-
LY AND EFFECTIVELY MUST ALSO IN-
CREASE. The basic requirement for effective
communication is a4 knowledge of your own
language. Use correct language in speaking and
i writing. Remember that the basic purpose of
all comununication is understanding. To lead,
supervise, and train others, you must be able,to
speak and wnte in such a way that others can
understand exactly what you mean.

A second requirement for effective com-
munication i the Navy is a sound knowledge of
the Navy way of saying things. Some Navy terms
have been standardized for the purpose of
ensuring efficient communication. When a situa-
tion calls for the use of standard Navy
terminology, use it.

Still another requirement of effective com-
munication is precision in the use of technical
terms. Learn as much as possible about engineer-
ing terms, especially those related to construc-
tion. A command of the technical language of
the Engineering Aid rating will enable you to
receive and convey information accurately and
to exchange ideas with others. A person who
does not understand the precise meaning of
terms used i connection with the work of his
own rating is at a disadvantage when he tries to
read official publications relating to his work.
Although it is impoi ‘ant for you to use technical
terms correctly, it is particularly impurtant
when you dre dedling with lower rated personnel
to clanfy further their meaning in the level of
language that they can understand, sloppiness in
the use of technical terms is likely to be very
confusing to an inexperienced man.

YOU WILL HAVE INCREASED RESPON-
SIBILITIES FOR KEEPING UP WITH NEW
DEVELOPMENTS. Practically everything in the
Navy—policies, procedures, equipment, publica-
tions, systems—is subject to change and develop-
ment. As an EAl, and even more as an EAC,

you must keep yourself informed about all
changes and new developments that might affect
your rating and your work.

Some changes will be called directly to your
attention, but others you will have to look for.
Try to develop a special kind of alertness for
new information. Keep up-to-date on all
available sources of technical information.
Above all, keep an open mind on the subject of
surveying, drafting, construction methods and
the associated instruments and equipment.

As the value of real estate, materials, and the
cost of labor go higher and higher, scientists and
engineers try to offset these trends economically
by the introduction of improved survey
methods, improved ronstruction methods, and
with the inventio~ of more precise instruments
and equipment. As an example, they L:ave come
up with various electronic distance measuring
instruments, lightwave distance measuring
devices, laser transits, and other laborsaving
equipment. Keep yourself abreast of the latest
developments relative to your rating, and dis-
seminate your newly-acquired knowledge to
your men the first opportunity you have after
you become thoroughly familiar with the
subject matter.

THE ENGINEERING AID RATING

Men holding the Engineering Aid rating plan,
supervise, and perform tasks required in various
engineering surveys, with more emphasis in
construction surveying, construction drafting,
planning and estimating, and quality control;
prepare progress reports, presentation charts,
time records, construction schedules, and mate-
rial and labor estimates, establish and operate a
basic quality control system for testing soils,
Jituminous materials, concrete, and other con-
struction matenals; prepare, 2dit, and reproduce
construction drawings; devise and maintain up-
to-date filing systems for drawings, field notes,
and other engineering records, make reconnais-
sance and surveys for horizontal and vertical
control network, performing such tasks as run-
ning and closing traverses, measuring horizon-
tal/vertical distances and directions, staking out
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aboveground and underground excavations, col-
lecting field data necessary for engineering de-
signs, and obtaining and converting field notes
into topographic maps.

Most Engineering Aid billets are allotted to
Construction Battalions, staff duty, or other
special duty assignments. In a battalion, an EA |
or EAC may serve as supervisor of field survey
parties, as drafting room supervisor, as leader of
a_ planning and estimating or quality control
team, as an expediter (one who follows up
requisitions to ensure adequate flow of construc-
tion materials), or as chief safety inspector.

In staff duty, an EAC may be assigned as
administrative supervisor for the Engineering
and Clerical Services Division, and serve as
liaison between the battalion liaison officers in
consolidating various progress reports required
by higher authority. You might be assigned the
task of assisting the staff operations officer in
collecting data for the preparation of various
studies and special reports—that is why thorough
knowledge of your mission is important, so that
you know just where to get the required
information.

At shore stations, EAs may be assigned to
Public Works offices, Engineering Field Divi-
sions, recruiting duty, recruit training, and Naval
Reserve training. A few Public Works office
billets are also available overscas. A limited
number of particularly well qualified EAs are
given assignments to instruct in Navy schools; to
assist in preparing the servicewide advance-
ment examinations, Race Training Manual (like
this one), and other training materials at che
Naval Education and Training Program Develop-
meat Center, Pensacola, Florida; and to perform
other highly specialized duties where thejr tech-
nical knowledge can be utilized effectively for
the needs of the service.

REQUIREMENTS FOR ADVANCEMENT

In general, to qualify for advancement you
inust:

1. Have a certain amount of time in your
present rate.

2. Complete the required professional and
military training courses.

3. Demonstrate your ability to perform all
the PRACTICAL requirements applicable to the
rate for which you are seeking advancement and
have them checked off on the Record of
Practical Factors, NAVEDTRA 1414/1 (latest revi-
sion).

4. Pe recommended by your commanding
officer.

5. Demonstrate your KNOWLEDGE by pass-
ing written examinations based on the profes-
sional and military qualification standards.

FINAL MULTIPLE

Advancement is not automatic. Meeting all
the requirements makes you eligible for advance-
meng but_does not guarantee your advancement.
The number of men in each rate and rating is
controlled on a Navy-wide basis. Therefore, the
number of men that may be advancc . is limited
by the number of vacancies that exist. When the
number of men passing the examination exceeds
the number of vacancies, some system must be
used to determine which men may be advanced
and which may not. The system used is the
“final multiple” and is a combination of three
types of advancement systems:

Merit rating system
Personnel testing system
Longevity, or seniority system.

The Navy’s system provides credit for perform-
ance, knowledge, and seniority, and, while it
cannot guarantee that any one person will be
advanced, it does guarantee that all men within a
particular rating will have equal advancement
opportunity.

A change in promotion policy, starting with
the August 1974 examinations, changed the
Passed-But-Not-Advanced (PNA) Factor to the
High Quality Bonus Point (HQP) factor. Under
this policy,a man that passed the examination,
but was not advanced can gain points toward

tomotion in his aext attempt. Up to three
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multiple points can be gained in a single pro-
motion period. The points can then be accumu-
lated over six promotion periods up to a maxi-
mum of 15. The addition of the HQP factor,
with its 15-point maximum, raises the number
of points possible on an examination multiple
from 185 to 200. This gives the examinee
added incentive to keep trying for promotion in
spite of repeated failurc to gain a stripe be-
cause of quota limitations.

The following factors are considered in com-
puting the final multiple.

FACTOR MAXIMUM TEIGHT
POINTS PAY GRADES
E4 ES K6 E? E8 E9
EXAMINATION 80 3339 30 0 S0 40
PERFORMANCE
Leadership 50 0 10 1] 40 50 60
All Other 30 20 2
EXPERIENCE
Awards & Medals 15 7.5 7S5 S
Total Active Service 20 10 10 10
(1 per yo)
Time in Present 20 10 10 10

Geade (2 per y1)
HQP (maximum 3 per
exam cycle) 15 75 7.5 1S

All of the above informationr (except the
examination score and the HQP factor) is sub-
micced with your examination answer sheet.
After grading, the examination scores, for
those passing, and the HQP points (additional
points awarded to those who previously passed
the examination but were not advanced) are
added to the other factors to arrive at the final
multiple. A precedence list, which is passed on
final multiples, is then prepared for each pay
grade within each rating. Advancement authori-
zations are then issued, beginning at the top of
the list, for the number of men needed to fill
the existing vacancies.

KEEPING CURRENT ON ADVANCEMENT
Remember that the requirements for advance-

ment may change from time to time. Check with
your division officer or your training officer to
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be sure you have the most recent requirements
when you are preparing for advancement and
when you are helping lower rated men to
prepare for advancement.

To prepare for advancement, you need to be
familiar with (1) the military requirements and
the occupational qualifications given in the
Manual of Qualifications for Advancemert,
NAVPERS 18068-C (with changes); (2) the
Record of Practical Factors, NAVEDTRA 1414/1;
(3) appropriate Rate Training Manuals; and 4)
any other material that may be required or
recommended in the curreni edition of Bibli-
ography for Advancement Study, NAVEDTRA
10052. These materials are discussed later in the
section of this chapter that deals with sources of
information.

SOURCES OF INFORMATION

It is very important for you to have an
extensive knowledge of the references to use for
detailed, authoritative, up-to-date information
on all subjects related to the military require-
ments and to the occupational qualifications of
the Engineering Aid rating. No single publication
can give you all the information you aeed to
perform the duties of your rate. You should
learn where to find them when the need arises,
as it is impossible to have everything in memory.

Some of the publications discussed here are
subject to change or revision from time to
time—-some at regular intervals, others as the
need becomes necessary. When using any
publication that is subject to change or revision,
be sure you have the latest edition. When using
any publication that is kept current by means of
changes, be sure you have a copy in which all
official changes have been entered.

Official publications and directives carry ab-
breviations and numbers which identify the
source of the document and its subject matter.
This training manual, for instance, is NAVEDTRA
10635-B, which means that it is a publication of
the Naval Training Command, a Rate Training
Manual in the Group VIII rating series. The
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letter following the numerals designates the
edition Because you should always make it your
responsivility to see that you are using the latest
edition of any publication or directive, we do
not usually show the final letter when referring
to a publication or directive in this manual.
ALWAYS USE THE LATEST EDITION.

NAVPERS, NAVTRA, OR NAVEDTRA
PUBLICATIONS

The NAVPERS, NAVTRA, or NAVEDTRA publi-
cations described here inclide some whichare
absolutely essential for anyon. seeking advance-
ment and some which, although not essential,
are extremely helpful.

THE QUALS MANUAL. The Manual of
Qualifications  fur Advancement, NAVPERS
18068-C (with changes), gives the minimum
requirements for advancement to ecach rate
within ecach rating. The Quals Manual lists the
military requirements which apply to all ratings
and the occupational qualifications that are
specific to each rating.

The Quals Manual is kept current by means of
numbered changes. These changes are issued
more frequently than most Rate Training
Manuals can be revised, therefore, the tramming
manuals  cannot always reflect the latest
qualifications for advancement. When preparing
for advancement, you should always cheek the
LATEST Quals Manual and the LATEST
changes to be sure that you know the current
requirements for advancement.

When studying the qualifications for advance-
ment, remember these three things.

I. The quals are the MINIMUM requirements
for advancement to each rate within each rating.
If you study more than the required minimum,
you will, of course, have a great advantage when
you take the written examination for advance-
ment.
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2. Each qual has a designated pay grade—E+4,
E-5, E-6, E-7, E-8, or E-9. You are responsible
for meeting all quals specified for « Ivancement
to the pay grade to which you are seeking
advancement AND all quals specified for lower
pay grades.

3. The written examinations for advancement
to E-6 and above contain questions relating to
the practical factors and the knowledge factors
of BOTH military/leadership requirements and
ocrpational qualifications. Personnel preparing
for advancement to E<4 or E-5 must pass a
separate military/leadership examination prior
to participation in the Navy-wide occupational
examination. The military/leadership examina-
tions for the E4 and E-5 levels are given
according to a schedule prescribed by the
commanding officer. Candidates are required to
pass the applicable military/leadership examina-
tion only once.

RECORD OF PRACTICAL FACTORS.—A
special form known as the Record of Practical
Factors, NAVEDTRA 1414/1, is used to record
the satisfactory completion of the practical
factors, both military and occupational, listed in
the Quals Manual. Whenever a person demon-
strates his ability to perform a practical factor,
appropriate entries must be made in the DATE
and INITIALS column. As an EA1 or EAC, you
will often be required to check the practical
factor performance of lower rated men and to
report the results to your supervising officer. To
facilitate record keeping, group records of
practical factors are often maintained by each

-department. Entries from the group records

must, of course, be transferred to each individ-
ual’s Record of Practical Factors at appropriate
intervals.

As changes are made periodically to the Quals
Manual, new forms of NAVEDTRA 1414/1 sre
provided when necessary. Extra space is allowed
on the Record of Practical Factors for entering
additional practical factors as they are published
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in changes to the Quals Manual. The Record of
Practical Factors also provides space for record-
ing demonstrated proficiency in skills which are
withn the general scope of the rating, but which
are not identified as minimum qualifications for
advancement. Keep thus m mind when you are
training 2nd supervising lower rated personnel. If
a man demonstrates proticiency in some skill
which is not listed in the Engineering Aid quals
but which falls within the general scope of the
rating, report this fact to the supervising officer
so that an appropriate entry can be made.

The Record of Practical Factors should be
kept in each man’s service record and should be
forwarded with the service record to the next
duty station. Each man should also keep a copy
of the record for his own use.

NAVEDTRA 10052.~Bibliography for Advance-
ment Study, NAVEDTRA 10052, 1savery impor-
tant publication for anyone preparing for
advancement. This publication lists required and
recommended Rate Training Manuals and other
reference material to be used by personnel
working for advancement. NAVEDTRA 10052 is
revised and issued once each year by the Naval
Education and Training Command. Each revised
edition is identified by a letter following the NAV-
EDTRA number. When using this publication, be
SURE you have the most recent edition.

The required and recommended references are
listed by rate levei in NAVEDTRA 10052, Itis
important to remember that you are responsible
for all references at lower rate levels, as well as
those listed for the rate to which you are secking
advancement.

Rate Training Manuals that are marked with
an asterisk (¥) in NAVEDTRA 10052 are MANDA-
TORY at the indicated rate levels. A mandatory
training manual may be completed by (1)
passmg the appropriate Nonresident Career
Course based on the mandatory training manuai,
(2) passing locally prepared tests based on the
information given in the mandatory training
manual, or (3) in some cases, successfully
completing an appropriate Navy school.

It is important to notice that all references,
whether mandatory or recommended, listed in
NAVEDTRA 10052 may be used as source material
for the written examinations, at the appropriate
levels.

RATE TRAINING MANUALS.-Rate Train-
ing Manuals are written for the specific purpose
of helping to train personnel to meet job
requirchiciits. Some manuals are general in
nature and are intended for use by more than
one rating; others (such as this onc) are specific
to the particular rating.

Rate Training Manuals aré revised from time
to time to bring them up-to-date. The revision of
a Rate Training Manual is identified by a letter
following the NAVPERS or NAVEDTRA number.
You can tell whether a Rate Training Manual is
the latest edition by checking the NAVPERS or
NAVEDTRA number andthe letcer following the
number i the most recent edition of the List of
Training Manuals and Correspondence Courses,
NAVEDTRA 10061 (currenc edition).

Each time a Rate Training Manual is revised,
it is brought into conformance with the official
publications and directives on which it is Fased.
During the life of any cdition, discrepancies
between the manual and the official sources are
almost sure to arise because of changes to the
latter which are issued in the interim. In the
performance of your duties, you should always
refer to the appropriate official publication or
directive. If the official source is listed in
NAVEDTRA 10052, and, therefore, is a source
used by the Naval Education and Training Pro-
gram Development Center in preparing the
advancement examinations, they will resolve
any discrepancy of material by using that which
is most recent.

There are three Rate Training Manuals that
are specially prepared to present information on
the military requirements for advancement.
These manuals are:

Basic Military Requirements, NAVEDTRA
10054 (current edition)

Militury Requirements jor Petty Officer 3 &
2, NAVEDTRA 10056 (current edition)

Military Requirements for Petty Officer 1 &

C, NAVEDTRA 10057 (current edition).

Each of the military requirements manuals is
mandatory at the indicated rate levels. In
addition to giving information on the military
requirements, these three books give a good deal
of useful information on the enlisted rating
structure; how to prepare for advancement; how
to supervise, train, and lead other men; and how




S ﬁ——ﬁ

ENGINEERING AID 1 & C

to meet your increasing responsibilities as you
advance.

Some of the Rate Training Manuals that may
be useful to you when you are preparing to meet
the occupational qualifications for advancement
to £ Al and EAC are discussed briefly in the
following paragraphs. For a complete listing of
Rate Training Manuals, refer to the List uf
Training Manuals and Correspondence Courses,
NAVEDTRA 10061 (current edicion).

Tools and Their Uses, NAVEDTRA 10085.
Although this training manual is not specially
required for advancement, you will find that it
contains a good deal of useful information on
the care and use of various types of handtools
and portable power tools commonly used in the
Navy.

Blueprin: Reading and Skerching NAVEDTRA
10077 This training manual contains informa-
tion that may be of value to you as you prepare
for advancement to EA1 and EAC.

Mathematics, Vol. 1, NAVEDTRA 10069 and
Mathematics, Vol. 2, NAVEDTRA 10071.These
two training manuals may be helpful if you need
to brush up on vour mathematics. Volume 1, in
particuiar, contains basic intformation that is
needed for using formulas and for making simple
computations. The chapter which deals with
trigonometry is of vital importance to surveying.
The information contained in Volume 2 is more
advanced, but you may occasionally find it
helpful in Engineering Aid computations.

Engineering Aid 3 & 2,NAVEDTRA 10634-B.
Satisfactory completion of this training manual

"is required for advancement to FA3 and EA2. If

you have met this requirement by satisfactorily
completing an earlier edition of Engineering Aid
3 & 2, you should at least glance through the -B
revision (or latest edition) of the training
manual. Much of the information given in this
edition of Engineering Aid 1 & C is based on the
assumption that you are familiar with the
contents of Enginecring Aid 3 & 2, NAVEDTRA
10634-B.

Rate Training Manuals prepared for other
Group VIII (Construction) ratings are often a
useful source of information. Reference to thase

training manuals will increase your knowledge of
the duties and skills of other men in the
SEABEES. The training manuals prepared for
Builders, Steelworkers, Utilitiesman, and Equip-
ment Operators are likely to be of particular
intuiest to you.

CORRLSPONDENCE COURSES.—Most Rate
Training Manuals and Officer Texts are used as
the basis for correspondence courses. Com-
pletion of a mandatory training manual can be
accomplished by passing the correspondence
course that is based on the training manual. You
will find it helpful to take other correspondence
courses, as well as those that are based on
mandatory training manuals. For example, the
completion of the correspondence vourses based
on drafting, general mathematics, and construc-
tion is strongly recommended for personnel
preparing for advancement. Taking a cor-
respondence course helps you to master the
information given in the traizing manual or text
and also gives you a pretty good idea of how
much you have learned from studying the book.
Both enlisted and officer correspondence
courses are listed in the List of Training Manuals
and Currespondence Courses, NAVEDTRA 10061
(revised).

NAVFAC PUBLICATIONS

A number of publications issued by the Naval
Facilities  Engineering Command (NAVFACQC)
which will be of interest to personnel in the
Group VIII ratings are listed in the NAVFAC
Documentation Index, NAVFAC P-349 (updated semi-
annually). A publications programisoneof the prin-
cipal communications media used by NAVFAC o
provide a ready reference of current technical
and administrative data for use by 1ts
subo.dinate units. NAVFAC publications are
listed in alphabetical and numerical order in
NAVFAC P-349. copies of NAVFAC P-349 may
be obtained through proper channels from the
Naval Supply Depot, 5801 Tabor Avenue, Phila-
delphia, Pennsylvania 19120. Technical publica-
tions that will be of value to Engineering Aids
are those which deal with the subject of design,
drafting, specifications and standards, which you
will find very easily by simply going through the
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Index once you know the particular subject
matter you are after. When you are the senior
EA in the Operations Department, by all means
have an up-to-date copy of NAVFAC P-349 in
the department’s technical library at all times.

TRAINING FILMS

‘Training films available to naval personnel are
a valuable source of supplementary information
on many technical subjects. Films on various
subjects that may be of interest are listed in the
United States Navy Film Catalog, NAVAIR
10-1-777, published in 1969. Copies may be
ordered in accordance with the Navy Stock List
of Forms and Publications, NAVSUP 2002.
Supplements to the Film Catalog are issued as
appropriate.

When selecting a film, note its date of issue
listed in the Film Catalog. As you know,
procedures sometimes change rapidly. Thus
some films become obsolete rapidly. If a film is
obsolete only in part, it may sometimes be
shown effectively if before or during its showing
you carefully point out to trainees the proce-
dures that have changed. For this reason, if you
are showing a film to train other personnel, take
a look at it in advance if possible, so that you
may spot material that may have become
obsolete and verify current procedures by look-
ing them up in the appropriate sources before
the formal showing.

TRAINING AIDS

In the course of training the men under you,
it might be necessary at times to construct your
own training aids to help present your subject
matter vividly. Of course, you could use actual
instruments or equipment for training purposcs;
however, there are functions or theories that are
hard to describe only in words—and that is when
you will have to improvise your training aids.
Being an Engineering Aid, you are in a position
to construct much better and more effective
training aids than men in other ratings who do
not have skill in drafting. The types and uses of
training aids are explained in Military Require-
ments for Petty Officer 1 & C, NAVEDTRA
10057 (latest revision).

SCOPE OF THIS TRAINING MANUAL

Before studying any book, it isa good idea to
know the purpose and the scope of the book.
Here are some things you should know about
this training manual:

e It is designed to give you information on
the occupational qualifications for advancement
to EA1 and EAC.

e [t must be satisfactority completed before
you can aavance to EAl or EAC, whether you
are in the regular Navy or in the Naval Reserve.

o It is NOT designed to give you information
on the military requirements for advancement to
POl or CPO. Rate Training Manuals that are
specially prepared to “give information on the
military requirements arc discussed in the sec-
tion of this chapter that deals with sources of
information.

o [t 1s NOT designed to give you information
that 1s related primarily to the qualifications for
advancement to EA3 and EAZ. Such informa-
tion 1s given in Engincering Aid 3 & 2, NAV-
EDTRA 10634-B.

e The occupational Engineering Aid qualifica-
tions that were used as a guide in the prepara-
tion of this training manual were those
promulgated in the Manual of Qualifications for
Advancement, NAVPERS 18068-C, change 1.
Therefore, changes in the Engincering Aid
qualifications occurring after this change may
not be reflected in this training manual. Since
your major purpose in studying this training
manual 1s to meet the qualifications for advance-
ment to EA] or EAC, it is important for you to
obtain and study a set of the most recent
Engineering Aid qualifications.

@ This training manual includes information
that is related to both the KNOWLEDGE
FACTORS and the PRACTICAL FACTORS of
the qualifications for advancement to EAl and
EAC. However, no training manual can take the
place of actual on-the-job experience for de-
veloping skill in the practical factors. The




ENGINEERING AID 1 & C

trairing manual can help you understand some
of the whys and wherefores, but you must
combine knowledge with practical experience
before you can develop the required skills. The
Record of Practical Factors, NAVEDTRA 1414/1,
should be utilized in conjunction with this
training manual whenever possible.

® This training manual deals almost entirely

with administration and the principles of higher
surveying. If you would like to do some study

i6
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on your owin, additional technical knowledge
will be gained if you refer to the latest edition of
standard textbooks on surveying.

® Before studying this manual any further,
study the table of contents and note the
arrangement of information. Information can be
organized an " presented in many different ways.
You will finu it helpful to get an overall view of
the organization of this training manual before
you start to study it.




CHAPTER 2
ADMINISTRATION AND ORGANIZATION

The higher you ascend the enlisted rating
ladder, the more valuable you will be to the
Navy. This is understandable since you have
more experience in your particular rating; you
have probably been to several Navy schools; and
your attitudes are generally well oriented to
Navy life. In a sense, you are now in a position
and better qualified to impart your knowledge
and experience to the men under you. Your
bearing, actions, and disposition will be under
scrutiny not only by your seniors, but also by
your subordinates.

This chapter discusses various principles of
administration of primary concern to the EA.
Special attention is given to factors that will be
useful to you as a guide in the performance of
your administrative and supervisory duties. We
will point out major responsibilities of the EA
groups in an NMCB Operations Department, and
explain various functions of the Department.
Among other things, we will also discuss major
responsibilities of the supervisor of different
divisions and sections within the Operations
Department.

With each advancement in rate comes in-
creased responsibilities connected with adminis-
tration in the Navy. The job of supervising is a
many-sided task. It involves the procurement of
necessary equipment, repair parts, and other
materials; planning, scheduling, and directing
work assignments; maintaining an adequate file
of appropriate publications: interpretation and
compliance with current directives; collecting
engineering data; making progress reports; and
carrying on a comprehensive and effective
training program. It is important, therefore, that
each senior petty officer understand just what
«ADMINISTRATION” means to Navy person-
nel, and exactly what his administrative respon-
sibilities encompass. In order to function ef-
ficiently (or perhaps even to function at all), any
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group of individuals engaged in a group endeavor
must be ORGANIZED, TRAINED, and SUPER-
VISED. Being an EA1 or EAC, you will be more
concerned with administration and human rela-
tions. You will accomplish your mission through
the effective use of people.

ELEMENTS OF ADMINISTRATION

In the sense in which the term is used in this
chapter, ADMINISTRATION means, basically,
the intelligent utilization and division of labor.

One of the most important phases of adminis-
tration is that of personnel matters. The basic
objective of this phase is very broad; namely, to
contribute to effective management wherever
human relations are involved. The major opera-
tional objectives are threefold and as follows:

1. To obtain the best qualified people, and to
ensure the best use of their capacities.

9. To establish working conditions which
develop and maintain the best possible interest,
satisfaction, and performance of personnel.

3. To assure that type and quality of perform-
ance is commensurate with cost of personnel;
that is, the Navy gets a “day’s work” for a
ccdayrs pay-n

The success of any mission depends not only
upon the equipment and facilities used, but also
depends to a larger extent upon the personnel
assigned. This makes the effective use of people
imperative.

The elements of effective administration are
PLANNING, ORGANIZING, SUPERVISING or
DIRECTING, and CONTROLLING. In practice,
these elements frequently fuse; therefore, one
cannot deal with them in set order. For purposes
of this discussion, however, planning comes first.
These elements of administration illustrate the
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relationship of the EA1 or EAC to the proper
administration of his unit.

PLANNING

Planning—the first element of administra-
tion—must answer the questions: Who? What?
When? Where? How? and Why? A good plan has
a welldefined objective, is simple but balanced
and flexible, and provides standards for
measuring action. It provides for nse of all
available resources before creation of new
" authorities and new resources. It specifies who is
to carry out the plan and outlines responsibility
in terms which avoid confusion.

Before making individual work assignments to
personnel, much detailed information should be
considered, including a statement showing all
tasks to be done and the conditions under which
they are to be accomplished. The consideration
shovld show for each assigned task such in-
forination as the following:

. Duties and responsibilities.

. Knowledge required to do the work.

. Skills required for proficient perform-
ance.

. Training and experience necessary for
proficiency.

. Mental requirements.

. Personal characteristics required by the
work.

. Physical demands—such as strength or
stability.

. Occupaticnal relationship.

. Tools, equipment, material, and publica-
tions used to work with.

. Reports and records to be prepared.

11. Hazards and safety precautions.

12. The amount of supervision needed, and

the nature of the supervision.

The relation of the job to subsequent

operations.
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The good administrator also anticipates the
eventual loss of his most experienced workers
through transfers, discharges, illness, or other
unforeseeable circumstances. He offsets this loss
by implementing an effective and continuing
training program. In addition to raising the skill
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level of the division, this program ensures that
personnel, when otherwise qualified, are ready
for advancement examinations.

ORGANIZATION

Organization—the second element of adminis-
tration—is the orderly arrangement of materials
and personnel by functions. In charting a good
organization, the following terms are used:

DUTY—the tasks which the individual is
required to perform.

RESPONSIBILITY --the accountability for
the performance of duties.

AUTHORITY —the right to make a decision in
order to fulfill a responsibility, the right to
require actions of others, or the right to dis-
charge particular obligations of the individual
himself.

ACCOUNTABILITY—the obligation of an
individual to render an account of the proper
discharge of his responsibilities. This accounting
is made to the person to whom he reports. This
means that along with responsibility and
authority is associated the requirements that
naval personnel must answer to their superiors
for the success or failure in the execution of
their assigned duties.

The most important consideration in organiz-
ing your work crew is the division of labor.
Division of labor is best exemplified by the
assembly-line methods used in the automobile
and other industries. No single individual—
probably no dozen individuals—could build as
much as a single automobile in a year. By
dividing the labor—that is, by assigning each
subphase of auto construction to an individual
who repeats this subphase on each car that
comes along, the production of a number of
complcte cars 2 day by a relatively small number
of workers is made possible.

You can see that the fundamental steps in
organization are about as follows:

1. Breaking down the manufacture of a
complete automobile into logical subphases
capable of accomplishment by a single individ-
ual.

2. Arranging these subphases in logical order,
from first to last. Obviously, for example, the
frame must be made before the wheels can be
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attached—and the wheels must be made and
ready for attachment by the time the frame is
made.

3. Selecting, assigning, and instructing the
individuals who will perform the subphases of
construction.

Organization for automobile manufacture is a
pretty extensive operation, compared to the
organization of a survey field party or a bat-
talion drafting room crew. However, the
organization of a field party or drafting room
crew involves the same three fundamental steps.
Now for the principles involved.

Homogeneous Assignments

HOMOGENEOUS means, in general,
SIMILAR. The principle of homogeneous assign-
ments means that workers performing similar
functions should be grouped together, and that
functions should be scheduled in logical se-
quence so that each operation performed is an
additional step toward completion.

Also, if an individual is assigned more than
one task, the second task should be one which
employs, as nearly as possible, the same knowl-
edge and skills required for the first; and the
second should be a task to whose completion
the first contributes.

The practice of assigning nonhomogeneous
details as secondary duties is a common mistake.

Division of Labor

The division of labor has already been
mentioned. We used as an example the division
of labor practiced in the auto industry. This,
however, is only one of three commonly used
systems, as follows:

1. The SERIES (or ASSEMBLY-LINE) sys-
tem. In this system, the structural materials flow
from one person to another, each person per-
forming a designated segment of the work.
Individual jobs are usually simple, requiring
relatively little training and skill. Disadvantages
of the system include reduced worker interest,
long transportation and cycle time, and lack of
worker FLEXIBILITY (ability to transfer from
one phase of construction to any other).
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2. The PARALLEL system. In this system
each worker performs a whole operation—that
is, each worker, working independently, turns
out a complete product by going through all the
required production steps. This makes for a
more flexible work force and much higher
worker interest; but it requires workers with
higher skills and therefore more training time.
An additional disadvantage is the fact that some
of the time of skilled workers is used for work
which doesn’t require skill.

3. The UNIT-ASSEMBLY system. In this
system, several employees work together as a
crew on one item from start to finish. The
advantages and disadvantages are the same as
those described for the series system. In ad-
dition, the unit-assembly system tends to
produce an uneven distribution of work, which
may result in idle on-the-job time for some
individuals in the group. It takes careful plan-
ning to reduce this disadvantage to a minimum.

The unit-assembly system has only limited
application in general productive industry. How-
ever, because of the special character of the
work done by survey field parties, drafting-room
crews, and planning and estimating or quality
control groups, the unit-assembly system
(combined occasionally with one or both of the
others) is the one most frequently used in
groups supervised by Engineering Aids.

SUPERVISION

The supervisor sets in motion the plan,
schedules, and policies of his superiors. He is
primarily concerned with seeing that the job is
done, not necessarily performing the work
himself. However, in the SEABEES, we are
required to meet the scheduled deadline, so it
may be necessary at times for the supervisor to
give a hand while doing the supcivision as well.
The supervisor must know his men, assien them
work to be done, train them to do the best job
possible, direct them through the performance
of the work, and assume responsibility for seeing
that the job is done right. The primary objec-
tives of a SEABEE supervisor are to operate
with maximum efficiency and safety, to operate
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with minimum expense and waste, and 1o
operate free from interruption and difficulty.
. An Engineering Aid in charge of a field party,
or in charge of a drafting room, is a SUPER-
VISOR rather than a MANAGER. The distinc-
tion lies in the fact that a supervisor is in direct
contact with. and has direct control over, the
individuals who do the actual work of produc-
tion, whereas management is control ornce re-
moved, as it were. To put it another way:
management exercises control through super-
visors, while supervisors exercise direct control.

Supervisory Duties and Responsibilities

The major duties and responsibilities of a
supervisor may be broadly broken down as
follows:

1. Production

2. Safety, health, and physical welfare of
subordinates

3. Development of cooperation

4. Development of morale

5. Training of subordinates

6. Records and reports to management.

A detailed list of the techniques involved in
carrying out these duties and responsibilities
could be made only with regard to a particular
supervisor; however, the following techniques
have pretty general application:

1. Getting the right man on the job at the
right time
2. Economical use and placement of mate-
rials
3. Attendance control
4. Accident prevention, by safety training
and control of hazards
5.Keeping subordinates
happy on the job
. Adjusting grievances
. Maintaining discipline
- Keeping records and making reports
. Maintaining quality and quantity of
production
10. Planning and scheduling work
1'1. Organized and unorganized training
12. Requisitioning tools, equipment, and
materials

satisfied and
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13. Inspection, care, and preservation ,of
tools and equipment

14. Giving orders and directions

15. Developing and maintaining cooperation
with other units

16. Checking and inspecting materials

17. Scttling differenices aimong subordinaies

18. Planning and encouraging teamwork

19. Preparing and disseminating rules, or-
ganization charts, work procedures, and
the like

20. Maintaining good job housekeeping

Supervisory Principles and Techniques

Supervision and leadership are to a large
extent the same thing, and, therefore, the
principles and techniques of leadership described
in Military Requirements for Petty Officer, 3 &
2, NAVEDTRA 10056 (revised) and Military
Requirements for Petty Officer 1 & C,NAVED-
TRA 10057 (revised) have general application
to the supervising EA. To the discussion
contained in those works, the following dis-
Cussion of some of the major supervisory duties
and responsibilities may be added.

Production

The primary responsibility of every supervisor
is PRODUCTION. This responsibility is carried
out in three ways, as follows:

1. By planning and organizing the work to get
maximum production with minimum effort and
confusion.

2. By delegating as much authority as
possible, while remaining responsible for the
final product.

3. By continuous supervision and control to
ensure that the work is done properly.

Safety, Health, and Physical Welfare
of Subordinates

Safety and production go together, since the
only efficient way to do anything is a safe way.
When men are absent because of injury, produc-
tion falls. Therefore, a good supervisor is a
constant -preacher of safety; he sets an example
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by observing all safety precautions himself; he
teaches safety as an integral part of each training

unit; and he plans every job with safety in mind.

Showing concern over the health and physical
welfare of subordinates at>v pays off produc-
tionwise. It adds to a subordinate’s self-€steem
and increases his respect for the supervisor—in
short, it is one of the elements of motivation.

Cooperation

The necessity for develoning cooperation be-
tween the members of a supervisor's own unit
goes without saying. Some supervisors, however,
tend to overlook the necessity for cooperation
in two other directions, which are:

1. Cooperation with management
2. Cooperation with the supervisors of other
units.

The work of a survey field party, a drafting
room crew, a planning and estimating section, or
a quality control section is nearly always related
to the work of all the other units in the
battalion. It is particularly essential, therefore,
that supervisors of these units develop the
cooperation listed in (1) and (2) above.

Common Mistakes in Supervision

In learning any job, learning what NOT to do
is often as important as learning what to do. The
following are some common mistakes which new
supervisors tend to make, and which a new
supervisor should avoid.

1. “New broom” tactics, or going into the
new billet with the loud assertion that “every-
thing 1s gomng to be different around here from
now on.” This attitude overlooks a very potent
human tendency called ‘‘resistance to change.”
There 1s no doubt that most people tend to
resent and fear change. Therefore, a new super-
visor should give the impression, not that every-
thing will be different, but that everything will
remain the same. Necessary changes should be
made later, and gradually, after the initial
change of a new supervisor has been accepted by
subordinate personnel.
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2. Conspicuous assertion of authority. This is
resented at any time, but it is particularly
watched for and resented in @ new SUpervisor.

3. Playing favorites. A built-in sense of
JUSTICE seems to be an innate human charac-
teristic. Playing favorite outrages this sense of
justice, and is one of the most common causes
of resentment toward a supervisor.

CONTROLLING

Controlling, the fourth element of administra-
tion, includes all of the techniques that a
supervisor uses to check on the work of his men.
Probably no other task of the supervisor causes
so much resentment as controlling. The possible
reason is that indiscriminate controls frequently
are casually administered and inake no distinc-
tion concerning the reliability of subordinates.
When one feels that he wn’t trusted, the
incentive to do well drops sharply.

Unity of Command

In order that a supervisor can control his
subordinates, he must maintain a UNITY OF
COMMAND. Unity of command may be defined
as the principle which ensures that each individ-
ual in an organization is responsible to ONLY
ONE superior. Each individual should be
subordinate to, and should report to, only one
superior. This principle should be applied in the
following two ways:

1. Each man must know from whom he
receives orders, and to whom he reports results.

9. Each man must know who the people are
(if any) over whom he has control.

To achieve unity of command, lines of com-
mumnication in the organization must be definite,
clear cut, and SHORT. Organization charts
should be prepared, as well as a list of the duties
and responsibilities of each indjvidual in the
organization.

Limited Span of Control

The principle of LIMITED SPAN OF CON-
TROL means the confinement of the span of
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control of each supervisor with™n reasonable
limits of personnel, distance, and tume. while at
the sare time not reducing these limiits below
the supervisor’s reasonable capacities.

The reasonable number of people supervised
will vary, of course, with the natuie of the
activity ; but the general average seems to be not
fewer than three nor more than seven subor-
dinates A supervior stationed over less than
three subordinates is usually not making full use
of his capacities; one supervising more thun
seven is often unable to supervise them all
efficiently.

Similarly, it is unwise for a supervisor to
locate a subordinate either too close or too far
away Having a subordinate too close usually
results in  oversupervision. Oversupervision
means interference with the work of the subor-
dinate, to the extent that he develops the habit
of doing only what he is specifically told todo.
Locating a subordinate too far away, on the
other hand, may result in undersupervision, with
the result that the subordinate begins to func-
tion too independently The ideal distance is the
one which minimizes both oversupervision and
undersupervision; it is a matter which requires
judgment rather than actual measurement of
distance.

With regard to the time element involved in
the principle of limited span of control, the four
principal types of supervisory duties should be
considered. These are ROUTINE, REGULAR,
SPECIAL, and CREATIVE duties. Routine
uuties are those which a supervisor may assign to
subordinates: the typing of notices is an
veample. Regular duties comprise the normal
supervisory act:vities related to the mission of
the unit. Special duties relate to special assign-
ments, outside the regular run; these may be
assigned by a superior, or they may be initiated
by the supervisor himself. Creative duties involve
actions taken on the supervisor’s own initiative
to improve the quantity and quality of the
work.

TRAINING

The factors which contribute most to superior
accomplishment of any mission are the training
of personnel and the availability of materials and
equipment; neither can be said to be more
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important than the other. Training challenges
the ingenuity of, and requires enthusiasm from,
all persons in the naval service. As a supervisor,
you must always find time¢ to train the men
under you, in order to improve their skills,
knowledge, and attitudes. You wili accomplish
various tasks through the effort and cooperation
of your subordinates. It follows that ecach
subordinate must be given the proper tiaining
required for the efficient performance of his
own particular subphase of the overall task.

On-the-Job Training Methods

On-the-job training may be given in a variety
of ways, among which are the following:

1. By giving orders. When a subordinate is
given a new assignment, the supervisor tells him
what to do, when, where, and perhaps how to
do it; and why it should be done.

2. By giving PIECEMEAL instructionn. The
supervisor provides information to the subor-
dinate at the latter’s request, or he sees the
subordinate doing something incorrectly and
corrects him.

3. By the orientation and indoctrination of
new subordinates.

4. By explaining rules and procedures to
individuals or to groups on the job.

In brief, the supervisor carries out his training
function by giving both organized and un-
organized on-the-job instruction.

Job Breakdown

Your first approach to the traming problem
must be the JOB BREAKDOWN-that 1s, the
analysis of each individual job to determine the
steps it involves and the logical sequence in
which these steps are perfornied. It is a good
idea to prepare a LESSON PLAN, which is
simply a list of the above-mentioned steps,
arranged in order of performance.

Each of the steps should comprise a TEACH-
ING UNIT, and each unit should be presented to
the trainee in a way that snows its significance 1n
the total task.
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The lesson plan should show:

1. The name of the operation L.ing taught,

with the specific action specificd, as
“‘preparing,”’ “*checking.”  “‘determining,”

“recording.” and the like.

2. Procedural steps, in order of performance.

3. Key points about cach step. List here
everything about cach step which the trainee
should know—mcluding nustakes to be avoided,
terms which shoutd be icarned, troublesome
points, danger points. safety precautions, proce-
dure for use and carc of equipment, and
methods of checking work.

Theory of Learning

The generally accepted theory of learning is
the STIMULUS-RESPONSE theory, which holds
that all learning is the result of a trainee’s
responses to external stimuli. External stimuli
are things which affect the trainee’s physical
senses. the chief of which are the senses of
SIGHT, HEARING, FEELING, TASTING, and
SMELLING. There are two steps in the lcarning
process: (1) the sensory stimulus, whatever it
may be, and (2) the trainee’s response to it.
Response is not necessarily a conscquence of
stimulug, and part of an instructor’s job is to
ensure that the stimuli he provides produce the
desired responses. This trainer activity is called
MOTIVATION.

In the stimulus-response theory of leaming
there are two considerations of importance to an
instructor, as follows:

1. The more senses stimulated, the better the
chances of learning. The fact should be
mentioned that aboue 75 to 80 percent of all
learning takes place through the sense of
hearing, which leaves only a small residue for
feeling, tasting, and touching. Now, in telling
you make use of only one traince sense—hearing.
But, if you combine telling with showing (by
demonstration, visual aids, and the like), your
instruction is a great deal clearer and more
effective.

2. The more vivid the stimuli, the better the
chances of learning. Colorful visual aids, striking
demonstrations, dramatic presentations—~these
make for the best instruction.
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Major Laws of Learning

There are three training principles which have
come to be called the MAJOR LAWS of
learning, as follows:

1. The law of READINESS, which holds that
a traince learns easily when he is interested in
the subject and desires to learn, but learns with
difficulty or not at all otherwise. Instructor
techniques relating to the law of readiness are
to:

a. Provide interest.

b. Provide a proper background.

¢. Create a desire to learn, by cailing attention
to any incentives like pay increase, promotion,
and recognition.

d. Hold out hope of carly success.

e. See that the trainee has a knowledge of
results.

2. The law of EFFECT, which holds that a
trainee learns quickly when learning gives him a
sense of satisfaction and accomplishment. The
instructor, therefore, should make learning
appear to be worthwhile, and should give praise
and encouragement.

3. The law of EXERCISE, which holds that
learning must be fixed by repetition.

OPERATIONS DEPARTMENT (S-3)

The following sections discuss the typical
organizations and functions of EA groups in the
Operations Department. The organization of a
SEABEE Operations Department—be 1t in a
staff, in a battalion, or any other detached
unit—is similar in basic composition, with minor
variations to suit the type of unit, its mission,
and the prevailing conditions. Because of the
great varicty of missions, localities, and condi-
tions under which the SEABEES operate, the
general attitude of the Navy is to allow the Cco
more flexibility in the organizaticn of the
battalion under his command to permit the
maximum utilization of his men and materials.
The Operations Department, in turn, is
organized along this line of thinking by the
Operations Officer.

Figure 2-1 presents a typical organization
chart of a Naval Mobile Construction Battalion
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Figure 2-1.—-Standard NMCB Operations Department Organization.

Operations Department. Due to rapid changes in
technology and varied missions of the
SFABEES, this functional chart will only serve
as a guide for manning the NMCB Operations
Department. This organizational chart could be
expanded or modified to suit the mission of the
unit and the availability of personnel to fill the
billets 1n this chapter, we will limit our dis-
cussion to the Operations D2partment of a U.S.
Naval Mobile Construction Battalion. The in-
formation is taken mainly from Naval Construc-
tion Forces Manual, MAVFAC P-315, and some
actual observations currently prevailing in the
NMCBs of today.

OPERATIONS OFFICER

By this time, you should already be familiar
with the various duties performed by the Opera-
tions Officer. By merely observing his daily

ERIC
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activities in your unit, you should be in a
position to enumerate his multitudinous duties
and functions. As you already know, the Opera-
tions Officer is usually the third-ranking CEC
officer in the battalion. He is responsible for
coordinating the activities of elements of the
battalion when they are engaged in performing
task assignments under any type of mission, be
it amphibious, construction, defense, or disaster
control. These responsibilities include recom-
mending the task organization, establishing
priorities for allocation of resources, adjusting
assignments to battalion units, and keeping the
Commanding Officer informed of the situation
as it develops.

As an EA1 or EAC, you should be aware of
the Operation Officer’s various responsibilities,
for your knowledge of them will assist you in
planning ahead and in accomplishing your tasks
efficiently. The following are some of his
specific duties:
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1. Performs haison on task assignments with
the command having operational control over
the battalion, and may assist higher commands
in planning the work to be performed by the
battalion.

2. Studies eacht Operation Plan or order
directed to the battalion for execution and
analyzes the arrangements for logistics support,
requesting changes where necessary.

3. Determines status of drawings. specifica-
tions, area intelligence, ete., influencing each
assignment and directs design and site adapta-
tion for projects assigned to the battalion.

4. Determines specific camp facilities needed
by the battalion for the deployment, and either
arranges for accommodation of the battalion at
existing bases or plans for the construction or
improvement of the battalion camp.

5. Instructs battalion reconnaissance parties
and advance parties, setting priorities for infor-
mation to be gathered or indicating the work to
be done before the main body arrives.

6. Supervises surveys, site adaptations, quan-
tity takeoffs, bills of materials, labor and equip-
ment estimates, shop drawings, and othker
engineering work assigned to the battalion.

7. Supervises the development of network
analysis systems for all planned projects;
estimates workload on each rating and class of
equipment, recommending the distribution of
personnel throughout the battalion, and requests
extra manpower and equipment as needed.

8. Selects construction methods and issues job
orders for all construction work to be performed
by the battahon, keeping close check on the
execution of these job orders from the stand-
pomnt of deadlines, manhours and machine-hour
expenditures, safety, and quality of workman-
ship.

9. Reassigns work, reschedules work, or other-
wise revises battalion job orders. maintains
rapport with limson officer from the higher
echelon unit and advises the Commanding Of-
ficer on the effect of changes in any job order.

10. Coordinates the work of the battalion und
arranges for the employment of local labor and
use of local materials when approved.

11. Supervises compilation of manpower and
equipment utilization records and drafts month-
ly operations reports, project completion
reports, and other reports on operations for

A
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approval of the Commanding Officer; and, briefs
visiting higher authorities or dignitarics when
directed by the Commanding Officer

12. Coordinates the use of the teams in the
engineer and transportation elements in disaster
control operations.

13. Assists the Training Department (S-2) to-
devise the overall battalion training plan by
providing guidance as to operational require-
ments and deficiencies.

After going througli the above responsibilities
of the Operations Officer, you may think that
most of them do not really concern you;
however, there is always the chance that you
will get involved being the senior EA in the
Operations Department. The Operations Officer
needs various data, references, computations,
and other information; you will be the collec-
tion point or monitor and in turn channel
information to him or his assistants. [t is
importapt that you develop the ability to digest
various data and convert them to intelligible
materials that will best serve the purpose
required by the Operations Officer.

SAFETY INSPECTOR

The Safety Inspector, or SAFETY CHIEF, is
under the direct supervision and control of the
Operations Officer, who is assigned the func-
tional responsibility for the NMCB safety pro-
gram. The safety program is of primary impor-
tance to the unit’s mission, and is a full time
responsibility. The Assistant Operations Officer
or the Engineering Officer usually has the
collateral duty of Safety Officer. The Safety
Officer is assisted in his duties by the Safety
Chief. The Safety Chief should be one of the top
Chief Petty Officers in the unit, and one who
will vigorously administer and supervise the
unit’s safety program.

The Safety Officer is responsible for the
following:

1. Conducting a continuing and aggressive
accident prevention program, both on and off
the job.

2. Formulating a safety training program in
coordination with the Training Officer.
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3. Maintaining a ~afety library prescribed by
COMCBPAC and COMCBLANT.

4. Maintaining cognizance of the procurement
and maintenance procedures for required safety
equipment,

5. Conducting jobsite inspections to ensure
that  proper safety precautions are being
obscrved.

0. lnvestigating and analyzing all accidents so
that measures can be taken to prevent their
recurrence.

7. Compiling reports concerning accidents
which occur at the jobsite.

The Safety Officer has the authority,
dgelegated by the C.0., to stop work or practices
involving an unsafe condition or a safety hazard.
He directs an investigation of the hazardous
situation and does not permit work to resume
until it is safe to do so.

The Safety Chief has the authority to direct
immediate correction of unsafe practices or
conditions in the camp or at the jobsite when a
safety hazard or violation is involved. He, too,
has the authority to stop work due to unsafe
practices or conditions, and should inform the
Operations Officer and Company Commander of
the siruation.

OPERATIONS CHIEF

The OPERATIONS CHIEF is normally a
senior enlisted man who serves in an advisory
capacity to the Operations Officer. The pusition
of Operations Chief is usually assigned to 4
Master Chief Constructionman (CUCM). The EA
rating being a source of this compressed rate,
you may eventually find yourself occupying this
coveted position. The Operations Chief may also
be an experienced Senior Chief Petty Officer.
The position of Operations Chief requires a man
of high calibe- and broad experience. He is a
man who excels in leadership, human relations,
ingenuity, resourcefulness, and initiative.
Normal responsibilities of the Operations Chief
are:

I. He is leading CPO of the Operations
Department and is responsible for discipline and
military duties of the department’s enlisted
personnel.

-~
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2. Keeping abreast of all assigned projects
from the initial planning phase until the
project’s completion, and required reporting
after customer acceptance.

3. Maintaining constant liaison with the
Material Liaison Officer on project prioritics to
assure control of project materials.

4. Coordinating equipment assignment
among various projects with Alfa Company as
priorities dictate.

S. Approving ficld changes within the scope
established by the Operations Officer.

6. Conducting customer and command
liaison by project as prescribed by the Gpera-
tions Officer.

7. Carrying out the construction quality
control program responsibilitics by constant
inspection and testing.

8. Administering the battalion tool kit inven-
try and inspection program in accordance with
COMCBPAC and COMCBLANT directives and
local command implementing directives.

9. Coordinating and scheduling portland
cement concrete and asphaltic concrete require-
ments.

10. Interviewing new personnel to determine
training, experience, and construction skills; and
recommending company, detail, or special as-
signments for approval of the Operations Of-
ficer.

MANAGEMENT DIVISION

The Management Division of the Operations
Department may be headed by the Operations
Chief, acting in an advisory capacity to the
Operations Officer and the Operations Staff.
The Management Division may also be headed
by the Assistant Operations Officer. This divi-
sion is sometimes referred to as the Administra-
tive Division of the Operations Department. The
management Division is normally staffed by the
Operations Yeoman and the Timekeeper. Some-
times these positions are filled by EAs.

The Management Division collects, compiles,
and analyzes all information related to the
construction operations. This information is
used in the preparation of construction opera-
tions reports, ncluding the Deployment
Completion Report, the Monthly Operations
Report, the Weekly Construction Status Report,
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and any other speudl reports which may be
required by higher authonty. The Engineering
Diviston will be required to assist 1n the prepars-
tion of these reports by supplying technical
information concerning construction projects.
Some reports may be compiled from existing
records, and others may require special investiga-
tion and research.

For example, let us take the preparation of o
Monthly Operations Report. Each battalion
submits a monthly report of operations to cither
COMCBLANT or COMCBPAC (depending on
what theater of operation it is in). Copies are
sent to the Commander, NAVFAC, and to
administrative, miiitary, and opcrational com-
manders concerned. This report is a concise
review of the battalion’s activities during the
month, regarding accomplishments, problems,
and capabilities. It includes such information as
planning, construction, welfare, morale, dis-
cipline, safety, training, and equipment. The
numbers of officers and enlisted men are shown
for the battalion, and for all detachments,
specifying the method of movement.

Enclosures to the monthly report are
specified by the Commander, Naval Construc-
tion Force. The following are generally
included:

. Progress and performance reports

. Progress photographs

. Labor distribution reports

. Financial reports

. Equipment status reports

. Training reports

.Summary of important events that oc-
curred 1n the battalion during the reporting
period.

R N N N S

There are detailed instructions covering the
preparation of the Monthly Operations Report
and other reports, so your only problem is the
compilation of the data that will go with them.

Besides the aforementioned reports, the
Management Division Head is responsible for.

1. Maintaining a complete status folder on
each project.

2. Maintaming complete ang aceurate time-
keeping records and labor analysis reports.

Yy
=3

21

3. Maintaining and updating visual status
buards  required  for effective  construction
management including. (a) company personnel
strength, (b) project status, () labor andlysis,
and (d) projeet schedules.

4. Preparing project completion letters in
aceordance  with applicable instiuctions from
higher authority. .

5. Maintaining constant liaison with the Mate-
rial Liaison Officer.

The Management Division must maintain
constant coordination and must work closcly
with the Planning and Estimating Division and
the Deployment Planning Team. Depending
upon the organizational structure, the Planning
and Estimating Division may be under the
Engincering Officer, or it may be under the
direction of the Assistant Operations Officer or
the Operations Chi:f. Regardless of the organiza-
tion, the Management Division must be in
constant contact with the Planning and
Estimating Division on the technical aspects of
the project, progress reports and master schedul-

ig.
ENGINEERING DIVISION

The Engineering Division is under the direc-
tion of the Eungineering Officer, who is normally
a Civil Engineer Corps Officer in his first duty
assignment. The FEngineering Officer and his
staff are responsible for providing all engineering
services and design necessary for the successful
conduct of the construction program. Their
specific responsibilities are as follows.

1. Providing guidance and support to the
Deployment Planning Team.

2. Reviewing all plans for sound engineering
practices and pr.cticability oi planning.

3. Resolving iield problems rclative to errors
or revisions in Jesign with thic consent of the
proper authority.

4. Bricfing Company Commuanders
engineering aspects of new projects.

§. Liaison -with the customer concerning
engineering and design.

6. Liaison with the Muanagement Division and
the Planning and Estimating Division, if they are

on
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not organizationally under the Engineering Of-
ficer.

The Engincering Division is also responsible
for, and renders technical support in. the follow-
ing areas:

1. Provides construction inspection by the
Evngincering Officer to ensure that projects are
built in accordance with the plans and specifica-
tions. and that qudlity workmanship prevaiis at
Al times. In this respect, the Engineering Officer
is responsible for maintaining a continuing and
aggressive quality control program. The respon-
sibility tor quality control is vested in every
member of the coastruction orgatization, down
to the man on the job.

2. Providing sunvey services for the companies
as required.

3. Providing up-to-date drawings and specifi-
cations for projects in progress.

4. Providing soils and materials testing and
evaludation services.

S. Maintaining as-built drav.ings and providing
copics, as appropriate, to customer commands.

Engincering Chief

The EAC, when assigned to an NMCB, will
normally have a wide range of duties and
responsibilitics, depending on the organization
of the Opuiadons Department. Usually he is
dircctly under the Engincering Officer. He is
responsible for the supervision of the drafting
section and field sunveying. In addition, the EAC
may supenvise either the Quality Control Sec-
tion, :he Planning and Estimating Section, or
both scctions. The EAC is usually assigned the
responsibility of cleanliness and order of the
Operations Department working spaces.

For military organization, Operations Depart-
ment personnel, not assigned to the battalion
staff, are assigned to Headquarters Company.
Normally, if the EAC is senior CPO in the
Operations Department, he will act as a Platoon
Commuander or Platoon Chief, with the Opera-
tions Department personnel organized into his
platoon. Therefore, in any company matters, the
LAC would be respunsible for the actions of the
entire Operations Department personnel.

«8

Drafting and Reproduction Section

One of the sections under the Engineering
Officer is the Drafting and Reproduction Sec-
tion. As implied by the name of this section, the
personnel assigned to it perform drafting and
reproduction of engineering drawings. Most
drawings and specifications are fumished to the
battalion. However, it is often required that the
NMCB site adapt structures, prepare plans of
existing structures, design alterations of existing
structures, adapt standard plans for use of local
non-standard materials, design new structures,
and perform other design work. All major work
designed by the NMCB must be approved by the
command which exercises operational control.
In nearly every case, the NMCB prepares “‘As-
built™ drawings of all constructions performed
by the battalion.

Most of the above functions are performed by
the EA personnel assigned to the Drafting and
Reproduction Section. They all assist in the
preparation, revision and reproduction of draw-
ings, and perform such other functions assigned
by the Engineering Qfficer.

DRAFTING ROOM SUPERVISOR.-General-
ly, an EA1 or EAC is in charge of the Drafting
and Reproduction Section. This is a desk job
that requircs a man of superior administrative
and supervisory abilities. At times your work-
load might be piled up so high that you will
never finish without working overtime, however,
there are times that you might not have enough
work to go around. These extreme situations
may be avoided by proper planning and work
distribution. The best method is to prepare a list
of all major jobs to be done (preferably accord-
ing to priorities), and another list of minor jobs.
Naturally, you should try to channel most of
your manpowet in accomplishing the major jobs
first, and during slack times, give out the minor
jobs or fill-in jobs for accomplishment.

Drafting supplies and equipment must be
inventoried periodically or from time-to-time, in
order to maintain a reasonable supply level at all
times. If possible, appoint one EA as your
Supply PO in the section, who will perform such
function as a collateral duty. He prepares
requisitions for drafting supplies as needed, and
keeps you informed of any breakdown in
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equipment that needs repairs or replacement.
These drafting supplies and cquipment are your
primary tools for production, hence, they
should be kept in proper level at all times to
avoid delays.

For the reproduction machine (generally
ozalid), it is a good idea to have some reserve
spare parts for those parts that breah down
often, ic., have a good supply of applicable
fuses, roller guide plates, spare belts of right
sizes, spare lamps, filters, and the necessary
cleaning and lubricating substances for proper
maintenance. Most of all, have an ample supply
of blueprint and sepia paper stored in a cool

dark space away from ammonia fumes or vapors.

DRAFTING ROOM LAYOUT.-Small
crowded rooms hinder good work and make
effective safety practices difficult. Fifty square
feet of floor space per man, exclusive of storage
space, is generally considered a minimum in
most shops. A length-to-width ratio of about 2.1
is desirable for a drafting room, because this
ratio facilitates the arrangement of drafting
tables and provides for good lighting. North-
exposure windows are best for admitting day-
light in the northern hemisphere. It is important
that the lighting in the room be adequate, both
as to quality and intensity. However, take care
to avoid placing working areas in positions
where they wiil be subjected to the glare of
direct sunlight.

An important factor to consider is the con-
servation of vision, since excessive light, as well
as inadequate light, induces severe eyestrain.
Usually excellent ortificial hghting is achieved by
the use of portable adjustable lamps, which can
be clamped to the drawing table and moved so
that the light falls in such « way as to minimize
shadow and glare.

When you arrange the drafting room, tiy to
separate work areas and storage space. Keep
materials and instruments which are not in use
in easily accessible cabinets, and see to it that it
1s not necessary for someone to walk around a
man who is working in order to reach them.
Keep prints where they can be reached quickly
by any authorized pesson. If possible, have
drafting equipment and reproduction equipment
located in separate rooms.
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PERSONNEL ORGANIZATION.-The
number of drafting personnel in a construction
battalion 1s usually small, therefore, an elaborate
organization following the series or the unit-
assembly system is not generally feasibie.
Instead, the parallel system is usually followed,
in which each man is trained to do all the
different job phases, and the same man carries a
drawing through frum inception to finish. How-
ever, 4 seniol man may occasionally be assigned
as checker and editor, and routine tasks (such as
lettering, tracing, and insertion of corrections)
may be assigned to junior men and strikers. But
for efficiency in training and to sustain interest
and morale, you should maintain enough rota-
tion to ensure that each man gets enough
experience.

FILING DRAWINGS.-The filing system used
for drawings should be the one you find to be
most satisfactory —-meaning that there are no
specific rules on the subject. Below are a few
suggestions.

Drawing numbers are assigned to drawings by
various bureans, each bureau assigning drawing
numbers to those drawings for work over which
it has cognizance. The only exceptions are
drawings which have only a limited, local ap-
plication.

Here are two file classification possibilities,
then. by issuing agency and agency drawing
number. However, this makes for rather large
and unwieldy categories, since there are relative-
ly few issuing agencies. Therefore, it is better to
include with these two a third category, which
might be a division into architectural, structural,
mechanical, and electrical drawings. This is
somewhat complicated by the fact that the same
drawing is often both architectural and struc-
tural, or both mechanical and electrical; but you
can take care of this in your card file.

The card file is the key to locating drawings in
the drawing filing cases. A card file must be fully
cross-referenced -meaning that for the same
drawing there should be a card which lists the
drawing by title, another which lists it by issuing
agency and number, another which lists it by
character (i.e., architectural, structural, and the
like), another which lists it by job or project (if
appropriate), and so on.
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In addition to the general file, there should be
a current file containing prints which are cur-
rently in actual use on current jobs. Obviously,
this file will group prints by job category.
Generally, they are kept on stick files and
marked accordingly.

There should be an individual assigned daily
to the task of logging in, card-indexing, and
filing any drawings o1 prints received. Tracings
should be filed separately, and there should be a
standing rule that tracings never be removed
from file except by specific order of the
supervising EA. About the only time removal is
necessary is for reproduction purposes.

Prints issued to constructors should be logged
out, by recording the date of issue and the
individual to whom issued. The principal
purpose of this is to make it possible for you to
inform constructors of any changes which must
be made to prints they are using in the field.

REPRODUCTION ROOM.-Good ventilation
is always a requirement for a room containing
any type of reproduction equipment; for a room
containing ammonia-vapor equipment, ventila-
tion is of vital importance. The room must be
free from dust and provisions must be initiated
to maintain clean, dust-free surroundings. If
possible, an air-conditioned room is highly
recommended for this purpose.

Before a new reproduction machine is
operated even before it is installed in place - the
manufacturer's handbook must be studied care-
fully. The mstructions it contains (both for safe
and efficient installation and for safe and ef-
ficient operation) must be as carefully followed.

As stated previously, light-sensitive materials
must be stowed in light-tight spaces. The original
containers of such materials are light-tight -
therefore, the materials should remain in these
containers as long as possible.

DRAFTING ROOM LIBRARY. The Draft-
ing Room Library should not be confused with
the Engineering Technical Library. It is a part of
the Engincering Technical Library. One of the
EAs working in the drafting room may be
assigned the responsibility of maintaining the
complete Engincering Technical Library.

The procedures, practices, and conventions
which must be followed by Engincering Aids are
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prescribed in NAVFAC publications and in
Military Standards, and a collection of the
appropriate  publications and staadards consti-
tutes the Drafting Room Library. A NAVFAC
publication may be designated as P (for
“publication”), as TP (for “technical publica-
tion™), 45 MO (for “maintenance and operations

“manual™), or as DM (for “design manual™).

Available publicationsare listedinthe N AV FAC
Ducumentation Indes, NAVFACP-349, (updated semi-
annually). A stock column givesyou a symbol which,
referred to a key on the inside cover, tells you
the supply point from which you can order each
publication.

Publications (minimum) which should be in
the Drafting Room Library are as follows:

DM-6 Drawings und Specifications

P-74 Instructions for Architect - En-
gineer Contractors in the Prepara-
tion of Drawings, Specifications,
and Cost Estimates

pP-272 Definitive Drawings for Navul Shore
Facilities

P-315 Naval Construction Force Manual

P-349 NAVFAC Documentation Index

P-357 Abstracts - Design Manuals, MO
Manuals and Related Publications

P-385 Planning Navy Advanced Bases

P-405 Seabce Planner’s and  Estimator’s
llandbook

P-437 Facilitie s Planning Guide, Vol. 1 and

Vol. 2 (supersedes P-140 and P-103)

Militury Standards are procedural instructions
published by the Department of Defense and
required to be observed by all the Armed
Services. Available standards are listed in the
Department of Defense publication /udex of
Specifications and Standards, which consists of
two basiv parts (I and II), published annually in
July and kept current by the periodical issuance
of cumulative bimonthly supplements. The
Index lists a vast number of specifications. The
standards it lists are considerably fewer and
rather difficult to find. Morecover, standards are
frequently superseded by later standards, and
you must know that the standard you are using
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is the one that is current. A superseding standard
is given a letter in addition to the standard
number, for example. MIL-STD-100, Engineer-
ing Drawing Practices, has been superseded by
MIL-STD-100A, same title.

To determine whether or not a particular
standard is current, proceed as follows: First
look up the standard in the alphabetical listing
of the current basic Part I or Il of the /ndex. If
the listed number (and letter, if any) is the same
as the one on your standard, then the standard
was current at the time of publication of the
basic part. Next, look up the standard in each
cumulative monthly supplement. If it doesn’t
appear there, there has been no change. If it
does appear, the new letter will be shown, and
you should at once order the new standard.
Military standards may be ordered from the
Commanding Officer, U.S. Naval Publications
and Forms Center, 5801 Tabor Avenue, Phila-
delphia, Pennsylvania 19120.

A Drafiing Room Library should contain the
following Military Standards:

MIL-STD-12C  Abbreviations For Use On
Drawings And In Technical-
Type Publications
Architectural Symbols
Graphical Symbols For Elec-
trical And Electronic Diagrams
Electrical Wiring Symbols For
Architectural And Electrical
Layout Drawings (Part 3 of
15-1A)

Mechanical Symbols
MIL-STD-18A  Structural Symbols
MIL-STD-20 Welding Terms and Definitions
MIL-STD-100A Engineering Drawing Practices

MIL-STD-14A
MIL-STD-15-1A

MIL-STD-15-3

MIL-STD-17B

In addition to the above Militury Standards,
the Drafting Room Library should have the
following standards:

AWS 2.0-61 American Welding Society
Standard Symbols.

USASIY14.5-66  Dimensioning and Toler-
ancing for [Engineering
Drawings.

Besides the aforementioned publications, the
draftsman will have the entire Engineering Tech-
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nical Library at his disposal. The Engireering
Technical Library contains various commercial
technical design manuals of interest to the
draftsman, such as the Architectural Graphic
Standards, current edition.

CHECKING AND EDITING (DRAFT-
ING).-Every drawing prepared in the drafting
room must be checked and edited, there is a
space on every title block for the insertion of
the name of the checker and editor. Checking
means inspection to ensure that all data given in
the drawing source of data (which may consist
of sketches, written data, field survey notes,
another drawing, or combinations of thewe) are
correctly and accurately shown on the drawing.
Editing means inspection to ensure that all the
procedures and couventions prescribed in
relevant NAVFAC publications and Military
Standards are followed. If might be said that
editing begins as soon as the drawing begins—
meaning that you or a designated subordinate
must maintain a constant editorship to ensure
that proper procedures and conventions are
followed at the time drawings are made.

A checker and editor must be thorcughly
familiar with both drafting and structural
practices. You may assign a capable subordinate
to the job, but remember that the responsibility
remains with you.

A draftsman who is capable of making a
complete drawing from data is called a DETAIL
draftsman—this distinguishes such a draftsman
from less qualified members of the crew whose
work must be confined (during training) to
tracing, lzttering, correction-making, reproduc-
tion-machine operating, and the like. When a
detail drawing assignment is made, the drafts-
man may bc given a sketch. Before drawing
begins, the sketch itself should be checked, to
ensure that it corrcectly shows everything needed
to make the drawing.

A finished detail drawing is usually checked
on a print of the same, on which the checker
makes his corrections, if any; he nay use red,
yellow, or other colored pencil to indicate his
corrections on the blueprint. When the detail
draftsman has made the corrections indicated on
the print, the checker compares the corrected
original with the print to ensure that all correc-
tions were made.
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For a thorough job of Jhedking and editing,
you should first make an overall chedk with the
following questions in mind:

1. Will the drawing reproduce well meaning.
are the line weights such as to satisfy the
requirements of the reproduction process to be
used?

2. Does the drawing meet Military Standard
requirements as to format?

3. If references to other drawings dre
required, have these been set down?

4. Is the drawing number correct?

If the overall check is satisfactory, proceed
with more detailed questions as follows:

1. Is the method of projection appropriate?

2. Are the views shown the minimum number
required to show all the data?

3. Are sectional views constructed correctly
and is the section lining correct?

4. Are line conventions and symbols consist-
ent with the requirements of appropriate, cur-
rent Military Standards?

5. Is the drawing made to proper scale, and is
the scale indicated?

6. Do the dimensions agree with those in the
data source? And does the sum of partial
dimensions equal the overall dimension?

7. Are all required dimensions shown?

8. Are all necessary explanatory notes given?

9. Are all figures and letters properly formed?

10. Do terms and abbreviations follow the
requirements of Military Standards?

TRAINING DRAFTSMEN.-A detail drafts-
man must know just about all there is to know
about prescribed conventions, procedures, and
practices before he can be assigned to a detail
(i.e., complete drawing) job. The best way to
train new men for detail work is to assign them
to tracing, reproduction-making, filing, and the
like, with the additional requirement of
continuous spare-time or downtime study of
appropriate NAVFAC publications and Military
Standards. Bacic procedures and conventions are
covered in MIL-STD-100A, Enginecring Drawing
Practices. A study of typical drawings in P-437,
Facilities Planning Guide, is particularly helpful,

ac

other typical drawings and conventions could be
found in the Architectural Graphie Standuard.

WORK ASSIGNMENTS AND WORK
SCHEDULES. One of the most important re-
sponsibilities you will have as a drafting room
supervisor is that of assigning the work to men
who can do it. In order to be able to do this you
must understand the work, you must know
exactly what you are asking a man to do and
how it should be accomplished. You must also
know the man’s capabilities.

A man may be proficient at one thing and not
at another. He may be able to work well on a
project that requires cooperation with others, or
he may work best alone. The varied aspects of
his responsibilities and character should be taken
into consideration in assigning work.

As an EA1 or EAC, the chances arec that you
have had some experience with most of the
work done by a SEABEE draftsman. At one
time or another, you will have had to sit down
and prepare a drawing similar to the one you
will be assigning to a man under you. Or if you
haven’t had the experience yourself, you
probably sat beside 2 man who did; and if you
were alert to your opportunities, you profited
by his experience.

But there is more to it than that. You must
learn, as a supervisor, to be able to think
through the job without ever actually putting
anything on paper. You must be able to foresee
all of the steps necessary to do the job in order
to make sure that (1) you get all the information
needed for the job from the person requesting it,
and (2) you can pass this information on to the
man to whom you assign the job.

Suppose, for example, that the Operations
Officer has tasked the Engincering Officer with
the muodification of u standard manufacturer’s
pre-engineered metal building foundatior: design
to withstand wind forces of 150 mph. The
Engineering Officer has prepared sketches from
his calculations. He has given the sketches to
you for preparation of construction drawings.
You should first study his sketches to make sure
you fully understand them. Ask the Engineering
Officer to clarify anything you don’t under-
stund. Add notes to the sketch which will enable
the man in the field to construct the foundation.
Check dimensions to make sure they are
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compatible with (he original manufacturer’s
drawings. And finally, after you have checked
the sketch and made necessary changes and
additions, review the sketches with the Engincer-
ing Officer to make certain that your changes
and additions do not disagree with the original
intent of his design. -

The next step is the actual assignment. If the
man you are assigning the work is experienced,
the sketches and a few guidelines will be
sufficient. But if he is not experienced, the work
will include scme on-the-job training. You must
describe the sketch fully, explaining the purpose
of the sketch, the steps necessary for ac-
complishment of the work, and all pertinent
details. He must be encouraged to ask you
questions and you must check his work as the
drawing progresses. You must find his mistakes
early to eliminate redoing the entire drawing.
Mistakes, which are the fault of poor super-
vision, will greatly demoralize an inexperienced
draftsman.

To help in assigning and controlling work the
drafting room supervisor must devisc a work
schedule. And to keep account of requested
work, he may use a work request form of his
own design.

A suggested typical work request form is
shown in figure 2-2. An ample supply of these
request forms should be kept by the Enginecring
Officer and by you. This work request form
could be used for work performed by all of the
sections within the Engineering Division. Proper-
ly filling out this form ensures that all informa-
tion pertinent to the work assignment is
obtained from the requester. Normally the
requester knows what he wants but caanot
explain it in writing, so the Engineering Chief or
drafting room supervisor should fil out the
work request form and make any necessary rough
sketches. All pertinent information should be
included to assure coordination of the job and
to minimize errors in passing on information to
the man assigned to accomplish the work. The
work request should be made out in duplicate,
one copy being put into the supervisor’s file of
outstanding work requests, and the other copy
given to the man assigned to do the work.

Work requests will serve as a handy reterence
as to what work is waiting assignment, what
work 15 1n progress, and what work has been

£
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Encineerine WORk REeQuesT

REQUESTED By: £ngmecrag Offcer [o,,,c OF Reauest 25 Ju'y
Desireo CoupLeTion Date /0 dug Jﬁsgu_c}r_tgg Ss-o02 ‘
WORK DESCRIPTION. C &mp « Or RQ?07 Cencra, Warehouse.
Fedes gr_oF foundatior For [50 er Wrds

WORK GUIDELINE . . o o
7 Do No# Change Manufacturer's Or.g.nzl Oraw ngs.
2 Put Plan, Séctians, And De*a s on One Sheer.
3. Mavrk Manufacrurcrs FoundzZion Plan‘yoib*

And Mike refercence 7o dew Drawing.

See Ewclosed Skerches
WWW
W

SKETCH:

ArpROVED BY  Lng.peering Officer___|pronny. Hor |
£A43 B.é6s5

DAtE COMPLETED:

ASSIGNED TO:
DATE STARTEO-

5.144E1
Figure 2-2.—~Typical Engineering Division
work request.

completed. ‘At all times you, as the supervisor,
will be held accountable for work progress by
the Engineering Officer, who reports directly to
the Operations Officer.

In conjunction with current work requests, a
visual work schedule should be posted and work
progress should be indicated daily. A sample
work schedule is shown in figure 2-3. This
schedule will keep the Engineering Officer
informed as to your workload and work prog-
ress. The work schedule will aid him in deciding
on priorities for rush jobs.

Do not allow your men to assign priorities to
work. Only you, the supervisor, should be
responsible for assigning priorities, or the
Engineering Officer when rush jobs or top
priority jobs are requested.

Field Engineering Section

Under the Engincering Chief, the Field
Engineering Section is generally supervised by an
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As OF:
: DRAFTING WORK SCHEDULE — zevely-
RQ’!S?%‘: AssiGneED| DatE % | Desmeo N
No. WORK DESCRIPTION Tor |starteo| Comperg g tT REMARKS
warehouse Foundztion | EA3Z
s£-002 Dessgn Bigas 2s5dlyl 15 104ug S _
2| Re Ca dE walting Design Info
5-005 \A’ws’g/;’) mp Elecr Laﬁfm From /?cggnnenfg
5-007 |As-Builts, Boas Gre sy 50 | 54ug
Landscape Des/gn For |£A
5-010 | fiasm Cam',%[»rra ce Zc/gwd zoduly| 30 |10Aug
Desigh Retaning wall EA> S&EE LT May for
5-011 | "C& pet c‘om';auna' Centado| 260y | 25 | 84xg | adarrimal o,
cover Desigh for EAcCN
5-0/2 | Monrh ly Opsy Reporr |Pirss |26dely| 75 | € Aug
As-Bu/rs
5-0/3 | 1rap /usllrcc’.f Range LAug AWA/f/)I_qASS/ﬁIMC))f
EACN -
S-ci4|c.0's Briefing Charts pf?’-?s 2rldy| 50 |29July| ProRITY
"m\//\-\__\_‘-’_,/"‘L _’/_/f\.‘c\‘_\
TN

82.217

Figure 2-3.~Typical drafting work schedule.

EAl. The Field Engineering Section performs
such field engineering work as follows.

1. Reconnaissance, preliminary, topographic,
and location surveys.

2. Construction stakeout, line and grade.

3. Regular measurement of quantities of work
in place.

4. As-built location of structures for prepara-
tion of record (as-built) drawings.

5. Measurement and computation of earth-
work quantities.

6. Reduction of survey notes.

7. Calculations for establishing line and grade.

8. Plotting survey data.

9. Special surveys, such as property, triangula-
tion, hydrographic, and the determination of
true azimuth.

In combat, the field crews gather needed
intelligence by scouting, patrolling, and manning
observation posts. They are also trained as
Damage Survey Teams for emergency recovery
operations.

SURVEY PARTIES.-As Survey Party Chief,
your responsibilities will include the formation
of different survey parties. As you know, a
survey party is organized and designated as to
the type and purpose of the proposed survey.
Whatever the scope and purpose of the survey,
your main concern is to plan the job ahead.

The first step in preparing for a field party
mission is to decide upon a JOB PLAN, by
determining the answers to the following ques-
tions:

1. What is the exact nature of the job?

2. What is the best way to accomplish it?

3. How many men are required?

4. What tools, materials, and equipment are

required?

5. What is the tactical situation if in a wartime
situation?

A large construction project requires

continuing survey activity —that is, the surveying
can seldom be done in a single operation. Very
often phases of construction- surveying overlap
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preceding phases. When two or more sunvey
missions are being carried on at the same time,
the question of wlicre and when to use available
crews must be decided. Sometimes it is best to
use all the crews on one phase of the suneying
tash, sumctimes it is best to shuttle crews from
one phase to another.

The type of party sent out will depend, of
course, on what the party is to do. You are
probably alrcady familiar with typieal party
organization, the following s merely a refresher.

RECONNAISSANCE PARTY: The manning
level of a reconnaissance party is a very flexible
one. The number of personnel will depend upon
the purpose of the reconnaissance survey,
engineering data required, terrain features, and
mode of transportation. We have reconnagissance
surveys for triangulation stations, routes, air-
ficld, and base sites, cach one of these should be
treated independently in . plannng. One con-
sideration that will also affect the composition
of the party is the choice of instruments and
equipment. In a difficult situation the weight
and aceessories of the survey instrument and
cquipment should be given carefu! considera-
tion.

TRANSIT PARTY . A transit party consists of
at lcast three men. instrumentman, head chain-
man, and party chief. The party chief is usually
the notekeeper, and he may double as redr
chainman, or there may be an additional rear
chainman. The instrumentman operates the
transit, the head chainman measures the hori-
zontal distances, and the party chief directs the
survey and keeps the notes. The party chief
should be at the spot where any important
measurement 1s made, so that he can verify the
reading personally. He should develop the ability
to estimate distances and the sizes of angles, so
that he may detect any large crror at the
moment when the dimension is called off to
him.

STADIA PARTY. A stadia party should
vonsist of tlirec men. instrumentman, note-
keeper, and rodman. However, two rodmen
should be used if there are long distances
between observed points, so that onc can
proceed to a new point while the other is
holding on a point bcing observed. The note-
keeper records the data called off by the

)
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instrumentman, Jnd makes the sketehes
required.

PLANETABLE PARTY. A planetable party
should consist of at least three men. instru-
mentman (sometimes called TOPOGRAPHER),
notekeeper, and rodman. Again a second rod-
man may be used when there are long distances
between  observed points. The notekeeper
records the data called off by the instrument-
man and reduces the data to corresponding
hurizontal distances and elevations, on the basis
of which the topographer does t* - plotting. The
rodman must be trained to recogrize and

properly occupy the necessary control points.

LEVELING PARTY: Two men, a levelman
and a rodman, can run a line of differential
levels; however, the use of two rodmen will
spced things up. For direct readings the instru-
mentman keeps the notes; for target readings
(which are, as you know, read by the rodman) it
is usually more feasible to have the rodman keep
the notes.

WORK ASSIGNMENTS. When an order to
proceed with certain work is received (usually
from the Engineering Officer), the work (or part
of it) is assigned to an available field party on a
WORK ASSIGNMENT SHEET. Figure 24
shows the type of information entered on the
werk assignment sheet. The party here was Field
Party #3, consisting of an EA2, an EA3, and a
CN. On 6 February and 7 February they were
running profile levels on a preject identified as
“Hill Road,” probably a highway construction
project. On 6 February they were to begin at the
intersection of Hill Road and By Road and
proceed westerly; on the 7th they were to begin
at Sta. 65 +96.1.

On 8 February the party was assigned to
building line layout on Bldg. #20, Aviations
Operations Building, to be located approximate-
ly at Airsirip Sta. 30 + 00. On 9 February they
were ordered back to the Hill Road job to take
ditch cross-sections, beginning at Hill Road
Traverse Station 15 + 09.61.

ABSTRACT SHEETS. -When field notes have
been reduced to the data sought in the survey,
this data is set down in an ABSTRACT SHEET.
Typical abstract sheets ate BENCH MARK
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Work Assignment

Field Party™ 3

START:. 3 AUG. 1972

Acting Chief of Party: ¢ fox, €A 2
Rodmen: AN&tkott PRiley(£A 3)
Chainman: S. Dye cv

DATE PROJECT OJ:VPO%K I;sscsolg!ls\l MOEi\JT BE-(EISI‘\'J.I‘I}\JT(;IOSF_\-JOB REMARKS
PeAE/08\Tapopraply. |Bofite Levels| Alice /i‘e/r/}r.ra/a. é’g;fg‘;“ ZO/I; %‘{ Hill g_é/z{:/;/}g é/ﬁ/‘/// al\;o :g’ fg}z‘_/m,:a?
esroe7| " “ Sta 65476, O% Continuing previous days
Ripr| deris siopo pemes | i |etuses sotingour
RISl Road, | S sl st & chere, | vy | dytervid stoions o gt/

82.2

Figure 2:4.--Part of a surveying work assignment sheet.

sheets, CONTROL POINT sheets, TRAVERSE
sheets, and BASE LINE sheets.

Part of a bench mark sheet is shown in figure
2-5. As you can see, the number, location,
elevation, and type of each bench mark in a
designated area is given.

A control point sheet is similar, except that it
gives the horizontal locations of horizontal
control points, as shown in figure 2-6. Traverse
and base line sheets give the locations of traverse
or base line stations, the latitude and departure
of each course or base line, and the coordinate
location of each traverse or base line station. For
a traverse shect or base line sheet, {the computa-
tional sheet wused to compute latitudes,
departures, and coordinates (as described in
chapter 5 of this training manual) usually
provides a satisfactory abstract.

Part of a PILE LOCATION sheet is illustrated
in figure 2-7. This sheet relates to the PILE
LOCATION DIAGRAM shown in figure 2-8.
This diagram shows the plotted locations of piles
in a pier. You can see that 13 S-pile bents have
been plotted in, identified by letters from A to
M. Each pile is located by triangulation from a
segment of a shoreside base line having end
points at Control Sta. 6 + 00 and Control

£y
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Station 9 + 02.15. The centerline of the pier
runs from Sta. 7 + 51.08 on the base line, at an
angle of 84° to the segment of the base line
between the control stations.

The dotted lines from the control stations
show how the piles in Bent M (piles 61 througli
65) are located by triangulation. The location
sheet shown in figure 2-7 sitows the angle which
should be turned at station 6 + 00 to locate each
of these piles. The backsight station is Control
Station 9 + 02.15, meaning that the transitman
at Sta. 6 + 00 trains his telescope on Sta. 9 +
02.15 and then matches his zeros. To locate pile
61, he turns left to read 47° 08', to locate pile
62, he turns left to read 48° 24', to locate pile
63 he turns left to read 49° 39, and so on. At
the same time, a transitman at Sta. 9 + 02.15,
using Sta. 6 + 00 as a backsight, is turning a
determined angle for each of the same piles. For
pile 61, for example, this man turns right to read
45° 00'. When he reads 45° 00’ as the other
transitman reads 47° 08', the lines of sight
through the telescope intersect at the location of
pile 61.

The surveyor, aside from positioning the piles,
mdy also be required to record pile driving data,
and mark piles for cut-off, as specified by the
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BENGH MARK SHEET

N.E. SEC. AGORN 6 AREA-AJAX.

OTHER
BM NO. LOGATION ELEV. TYPE. REF DATA
A-iT 100'NE 50'W of K. Cor of A2 723 PEM. |USCEGS
Station Dispensary rsideof| /5 Order
fence corner Sranze disk
in concrete rsromument
A-21 Soike in 24" free root /0°So. 92,357 7EM. /(e/f//c
Of /1/0rant W10 and 35°£ (Profife)
of £ edge of Yoxiweay*!
of Sta. 2/+56

Figure 2-5.—Part of a bench mark sheet.

CONTROL POINT SHEET

S.E. SECTION "KEY" ADVANGE BASE

(RIDGE DR., BOUNDARY AVE., SLOUGH RD., BRYAN RIVER)

CONTROL COORDINATE OTHER
STATION LOCATION STA.(F Ay | TYPE DATA
NO. | ConcrMon at S.£ Corner Permanent |Top of Brass

. of HKey"Base IFf ouwtsids 000 Control 219 e
{;’ll/;? ;‘.‘/’4';","/', 100" W. %};’ [ g [/ Po/ﬂ)f m;moz/
&/ O N il 4 o4t &

and /28 N.of Eof Jip Highway| Base Locatror (pe?. (15 ey
24%29" Granite Stone. This Pt

NO. 2 Bross plug in ME guarter N 12000/ lsted by
Stome focared 126 Eof ol | W. [7/.69 AP |US6Sas
stondpipe and 18’ SEAfS.E | Base Lacgtion R-l6-193/
%;QRIZZ‘S’" sron Tower Vo I Ts R Zens] | € Station
Secondary Traverse A” Used /in

NO.AI22 676" Cedar Fost flush wiord, | M. 130197 ‘ Semi~  |TopaSurvey,
at £ infersection of Morps | k. 676.52 Permarerm| *_of
£ Gravy Streefs, lack set2 jn Base
from M Edpe and 155" in from
£ edge ofj post

\/\/\ ’-’-\a\

Figure 2-6.—Part of a control point cheet.
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ANGLE READING AT ~
PILE |TRANSIT SET-UP STATION | gent DISTANGES REMARKS
NO. | conTRoL | conTRoL | No. sent | PiLEs
STA 6+00|STA. 9+02.15
61 47°08' 45000" |\ CUT-OFF ELEV
62 4g°24' 44° 06" ngé%gefr:ou'r
63 49°39’ 43°02' > M 10 0' 50"
64 50°55' 42°10'
65 52°10' 41°00" |/
WMWJ’\ANMM

82.5

Figure 2-7.-Part of a pile location sheet

construction plans. During driving, a complete
record is kept of the foliowing: locatiun and
number of pile, dimensions, kind of pile, total
penctration, average drop of hammer and
average penetration under last five blows,
penetration under last blow, and amount of
cut-off. Elevations are marked on the two end
piles of the bent and two 3-inch by I2-inch
planks are nailed to guide the saw in cutting
piles to the specified height. For clustered
fender piles, make sure that cut-off points are
marked distinctly, call this to the attention of
the Builder supervisor to avoid mistakes.

CHECKING FIELD NOTES.-You are
already familiar with field and office work, and
therefore realize the extent to which the pos-
sibility of error is ever-present in surveying. As
supervisor, a large part of your job is checking to
ensure that errors are detected. In the field, as
mentioned before, you must keep the measure-
ment situation in hand by ensuring that the
measuring methods used are those which reduce
the possibility of error to a minimum. For
example: when tape corrections are called for,
you must ensure that correct tension is applied,
that temperatures are taken, and that tempera-
ture corrections are applied accurately.

32

You are also responsible for error-frec
computations. Obviously, you cannot check all
computations by performing all the calculations
involved, this would be the equivalent of doing
all computing yourself. You can, however,
require couputing procedures which will, if they
are followed, reveal ihe existence of errors. For
example. you can require that area be obtained
both by double meridian distance and by double
parallel distance. There are, of course, numerous
other computations .n which the use of two
methods will give resalts which can be checked
against each other.

Finally, you must develop skill in the
weighing of results for the PROBABILITY of
error. This is a skill which cannot be taught; it
comes with experience. For example, after you
have had a good deal of experience with contour
mapping, you develop the ability to get the
“feel” of the ground when you study contour
lines. This will often niake it possible for you to
spot a misdrawn conlour line arrangement be-
cause the arrangement is inconsistent with real-
life probability.

TRAINING SURVEY CREWS.—The tech-
niques of the actual operation of surveying
instruments are, for the most part, fairly easy to

8




-wesbelp uoneso| ajld— g-g 3nbiy
9'z8

x
-
x

33
9

(¥

P A
PR
t

K ey O oy
$i-on
—
P el
rse
T
ya
L.
A
Pl
o pFomt

e ttadud b,

B e
L
Z
ra

\
-

\

seuma-d {0

L.
IS

(o

(S5 S S

PP

N

boegd
-y
2.
IRREY.4
Ay

X -
ool

oo $vo e

reszasas: ] T T
B2t -1 i5e8s nawal - 1 widandi i
BREuAR BAGHRESRES BREY: PERDE N PR 13 Sengepas 3 e
3 itad< 3T JEREY B IO 1 LA 3 an
I RN ps 2 e a s . HHIE T ,
Fi1tivi bt SoIEST iH s
pikum\iiggsdinnsnsssngusyns T g agsvh guann
/‘r PRI r« n e —
= T 3 T ¥
gadssngiatanting ssffpsnngn nat : skl ssaatazdvts
o e i N Bagasas T FE3Rahsgagaassinaiasiasishia
3 . 4 ! 1 9 4 Nes - 29| b4~ $- -4 &
ahnad Fanaddmhind pannw Ry Ebs T 1 LI T T s
. REENSASRI BRSNS R pan ] I panay
[11Le AN T . ngandudpuiphandisdndyibh ghahi
<d-4e4-3 |- o 5 - 4 2 { 4444
RS SREASES L 3 BREgEsENaS huay
3T RIS ENEESENIRERRRE e pyi4
PRARSRUSIRRRERS ] 1]
o gep-froe 431 T ln/ 1141 - 4 1] ] T
| i FHH TR T = . P 3 A :
113 1313 - ¥ . hal .y
siesugistessunni ,/w 11 ghgpesuguindph i YDy ot ] A1 pugaed g
T SR HH A SR 13- THIT g
BRSARNARAURREN NS RENRERSRY S A » w{nincuin 0ghpagunsgnas
3 13 11 r 1 3
BEARRRY EARERR SIS L I 4+ T : T1ITSN I NK A3 ETHTL AR NRReReRs Y]
. e g N SRERR R L N 4 {1 znwlvu 11 ”n.tJ a8
, 4 FEHIHEE TN Hii JLLIL: I FH
| Rl Ren ¥ ERSEDRERS FENFTIE it StaN
RERES e 3+ 44 g4 . oiniotn > $4+¢44 414 -3 444 44 ne
RERRE PR E s N 1443 +i 1 St rirt i bt
_ i ' ITHIITN PR WVW . 11 Iy AS20R3302384 :” 8
R - N AT wiogaturririt 3 K} 11434 4 s 54444 +4
- e - b .4 A.y. H J.Um« 1 Uv. 114 N8 JA Arv ‘MJ -1 Mf 111 y.‘ ..u
— . . . PSR RSN i eI TR \ SRSSRESSRRARRRAD N g 1
T - 3 % Toilaiail TRESTS 2E0¢ THTT [
i : g \*\\ 1T 3111 ] u'w,u. nﬂul 1118111 3333 . : r
-3 8 : 231l H (111 ae 3 Re .
A e : 2 W\u\.‘\ i R //{,/Jr TR FH T 58001
34 B33 “N 783 rebebisede : Y,hﬂur S8
s ! ’ .“\ i ISR b bl B 8 % tﬁ e Ajfuneddsns " 31 T ’ |
IR E8 484 y 1Ureattni mm, T EITIITIIH ghalaah AN LT | 4 4
4 by 4 P . 1+ be 1 t I N33
- PPRPee . PLIRERN SYEENER PRY Jeyuirtiujuiuiist 83 AA/ AN 4 14 +4 j}; P41+ o1
N IREREN - 4774 -3- . s 4 NSRS + 26 L4 314 N N NN - 11 SRS
.«W ..” - | AU\ 1 1 333 *m Wx M.w 25880831 (1 NN Ssdid I w; L ! : !
.4 PORSREN . & - AT S BN 40 ¢+ *~ie 11311 H%I kb N Tit1itittii1rd ﬁ
. e " - . > niajnfage paessgRadest "\ g 4 SESRIIGARINS RS r
. 1*t 4488 - Alirit it xx_ﬁam 41 ahsalErdss N 1T I addpiguibs -
“y 380y 5l . /RERSY 331133 BSEPEISSEHEPEIRIRINIS NS W ;_,”rY L ] 1t
- - - B ERX a7 ) - 7 ¢ & g sengangn 1 A + RPN [ 4 - ‘#
i o 3 =3 25555 s: H H uv// 14 3 ] b
.\ . et Lidg ¢idr &1 d +44 111 XERe s 3 [
4% SERY M ? X [
it
+

2{.
o

N H T

4t

-
by
e

s
00 oy gubew and
~av 8 9y o raree
o b0 aad foyes

s

P 44

o=t Juand:
T
——t
$ S
g R bbbt one-s
:
o\
)
=
f
3
-
X
.
-
oo
-

o
Sr:;‘

3

 pod

N
r 1) H SN
Sl Al

1 L5123+ ¢ usme 1

Adeddadod AL A

I
vt
[0t dandd

vbaded

N SN

+

f-s-e-e im0
o et .

..
nert
a-greoe «

-

Aruitoxt provided by Eic:

E\.




ENGINEERING AID 1 & C

fearn, and a crewman learns these quickly in the
ficld. However, these techniques are a very small
part of the knowledge involved in the art/science
of surveying. If a fieldmar, s shown only how to
set up and level an instrument, how to hold 4a
rod, and the like, he is receiving only « minimal
of training.

The best way to train field men i the other
things they need to hnow is to heep a crew
constantly informed of the overall PURPOSE of
what is being done. Suppose, for example, that
the crew is setting offset grade hubs for a
highway. Tell them, as you go along, the
procedure by medns of wind the coastructors
will use these hubs to bring the subgrade to the
desired clevation and to pour the highway
surface  conerete to  the presenibed  finished
grade. Besides training the crew, this practice
will make ficldwork a lot more interesting for
every body including yourself. Furthermore, the
work of a field crew is bound to be better
accomplished when the crew hnows the ultimate
purpose of what they are doing.

Another incentive is producing highly
motivated field crews is by competition. Say,
you have a level circuit to accomplish. If time
permits, and if you are not far behird in your
workload, organize two or more level parties to
run the same circuit. Naturally, you could
determine how proficient they are on how close
each crew arrived on the closing B.M. elevation
and the time it took cach crew to run the
circuit. You can also utilize this method in
transit work, like timing the setting up of the
instrument, measuring horizontal and vertical
angles, and measuring distances by stadia.
Always find time for training—perhaps, when
waiting for transportation to and from work,
you can start an open discussion on various
solutions to an actual or hypothetical ~urvey
problem.

When you are tra. ing surveyors, do not
forget that the EAs assigned to the drafting
room are responsible for knowing the techniques
of surveying And the EAs in the field should
have a knowledge of drafting. Whenever the
workload permits, the Eugincering Chief should
rotate a few men for short on-the-job training
periods. If the men have working knowledge of
both surveying and drafting it will create an
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interest in their work, besides help prepare them
for advancement.

COMBAT INTELLIGLNCE ENGINEERING
DATA. - The collecting, analyzing, and reporting
of enginecring data for combat intelligence 1s the
responsibility of the Engineering Division of an
NMCB deployed to a combat arca. Normally the
collecting of such data is the job of the field
survey crews, or an EA assigned to a reconnais-
sance patrol.

Combat intelligence is defined as. that knowl-
edge of the enemy, weather, and geographical
features (terrain) required by a commander in
the planning and conduct of tactical operations.
The objective of combat intelligence is to
minimize the uncertainties of the effects which
the enemy, weather, and terrain may have on
the accomplishment of the mission.

Of primary interest to the EA is the collection
of terrain data. Terrain information includes
stream data (widths, depths, condition of banks,
and rates of flow); bridge data (types, widths,
lengths, condition, and load limits); existing
roads (types, widths, and condition); and topo-
graphic mapping, including all pertinent natural
and manmade features. in general, a rough
reconnaissance survey is performed.

Methods for collecting engineering data will
depend on the situation. You may be given a
military map and told to take a reconnaissance
patrol out to check the accuracy of the map. Or
you may be tasked with obtaining data for
establishing a suitable construction site for an
entire advanced base, which might require the
efforts of several survey crews. Your experience
as a surveyor will enable you to collect data and
report your findings to the Engineering Officer
who, with your as.istance, can analyze and make
recommendations  to  the battalion planning
team.

Information pertinent to organization and
deployment of & reconnaissance patrol is found
in the Seabee Cumbar Handbuoh, NAVTRA
10479, chapter 8. The battalion uperation order
will specify combat intelligence procedures.

Planning and Estimating Section

The Planning and Estimating Section may be
a branch of the Engineering Division headed by
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the Lngineering Otticer. or 1t may be a separdate
division  headed by the  Assistant Operations
Officer or the Operations Chiet. In any case, the
Planning and Estimating Section functions solely
to provide a plannig and estimating capability
of resources required  for the  construction
massion. Planmng and estimating personnel are
taken trom cach ot the Group VI ratings, with
exception of the Construction Mechaniv rating.
The responsibilities  of  the  Planning  and
Estimating Section are as follows.

1. Prepaning muaterial *take-ofts,” or billy of
materials. required for the construction mission.

2. Assisting 1 estimating tool and equipment
requirements necessary to accomplish the con-
struction mission.

3. Assisting m preparing and updating critical
path charts and progress schedules for manage-
ment of the conswruction mission.

4. Preparing manpower estimates for the
construction mission.

5. Recerving and checking shop drawings.

6. Coordmating material requirements be-
tween the Material Liaison Officer and the
construction companies.

In addition. the Planning and Estimating
Section may be organized to operate as a
Combat Operations Section and as a Control
Plotting Team for emergency recovery operd-
tions.

PLANNING AND ESTIMATING SUPER-
VISOR.—Planning and estimating relates to
QUANTITY CONTROL and to PROGRELSS
CONTROL. Quantity control meuns the deter-
mination of the quantitics of materials, man-
hours, and equipment-hours required to do a
job. Progress control means the scheduling of
these material, manhour, and equipment-hour
quantities—that is, the determination of the
times when particular materials, men, and equip-
ment will be required on the job—and the
periodical reporting of construction progress.

Under the P & E Officer, an EAC or BUC may
be assigned as overall supervisor of the P & E
Diviston. Sentor rated EAs are sent through P &
E schools (usually in their-home bases), and are
tramed 1 the planning and estimating of mate-
rials, manpower and equipment. They are also
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trained in scheduling, which stresses the impor-
tance of the Network Analysis, and which will
be explained in chapter 13 of this training
manual.

As P & E supervisor. you should possess a
broad knowledge of various construction works
and methods, as well as be familiar with the use
of references (such as estiviator’s manuals and
other construction norms) for one of your
responsibiiities is to check the drawings and mate-
rial taheoffs prepared by yvour men for accuracy
and completeness. You should be an expert in
blueprint reading and in the interpretation of
specifications, for these are your main sources of
iuformation by which you will base your mate-
rial and labor estimates, and your werk
schedule.

As an individual, you may have some doubts
in the construction norms of certain jobs. 1f it is
beyond your capability, do not hesitate to enlist
the assistance of those who are in a better
position to know. There arc many instances
where completion of the project is unreasonably
delayed, because the estimator failed to include
an inconspicuous structural member, but most
critical for the completion of the job, and the
checker failed to account for the missing item as
well. Since lead time is the most important
factor in ordering materials through the Navy
Supply System, it is very imperative that mate-
rial takeoffs and other estimates be complete in
every respect.

CONSTRUCTION PLANNING AND
CONTROL. -The duties of an EA group in a
battalion usually relate to the entire construc-
tion project, rather than to any particular
subphase, Consequently, a supervising EA must
possess an overall view of the system of r~n-
struction planning and control, from start to
finish. Figure 2-9 is a chart which shows such an
overall view. A brief explanation of the chart
will be given here; many of the items it shows
will be explained in further detail in a later
chapter.

The procedure begins with the development
of the overall CONSTRUCTION PLAN. Draw-
ings and specifications are made, based on the
structures and intent called for in the con-
struction plan. From these drawings and spe-
cifications, material QUANTITY TAKEOFFSare
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Bills of Materials>

CONSTRUCTION PLAN

>~ Drawings and
Specifications
Quantity Takeoffs)

Labor & Equipment
Estimates

Tentative
Job Plans

| Suppliers Job Planning Platoon
Conferences
| whedules
’
NMCB
JOB ORDERS

Material Issue

& Delivery Stubs

Material Equipment Labor

JOBS

Daily
Labor Reports

Weekly Reports of
Work-in-Place

Job Order
Folders

Weekly Reports of
Variations From Job Plans

Monthly
Job Reports

End-of-Project
Statistical Report

82.1

Figure 2-8.—Construction planning and control chart.

made, from which BILLS of MATERIALS and
LABOR AND EQUIPMENT ESTIMATES are
drawn up. On the basis of the bills of materials,
MATERIAL REQUISITIONS (i. e., orders for
materials) are sent to SUPPLIERS, who forward
the requested m:terials to specified depots
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under MATERIAL INVOICES. A matenal
invoice is simply a list of the materals in a
shipment, together with the quantity of each
material forwarded. The broken back-arrow
running from “material invoices” back to “bills
of materials™ indicates a check, at the receiving
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depot, of the materiad shapment against the
oniginal amount of cacih material called for by
the bill.

Shifting to the right-hand side of the chart,
you see that, like the bills of materials, the
mitial labor and equipment estimates are based
on the quantity takeotts. The quantity takeoffs,
for example. will reveal how much concrete
must be mixed and poured. The labor and
equipment estimate will determine approximate-
ly the number of manhours, the kind and
quantity of equipment, and the number of
equipment-hours required to form, mix, and
pour that much concrete.

From the labor and equipment estimates,
TENTATIVE JOB PLANS are drawn up, from
which PLATOON WORK SCHEDULES are
developed. JOB PLANNING CONFERENCES
are then held, mn which the whole construction
effort is broken down into subphases called
JOBS 1n the chart. You can see that, in drawing
up the battalion job orders, the labor and
equipment estimates are platoon work schedules
are considered.

For each job, the project officer draws equip-
ment, materials, and labor on the basis of the
job order. He submits a DAILY LABOR report
and a WEEKLY REPORT OF WORK IN
PLACE. Copies of these arc kept in a JOB
ORDER FOLDER, and used as the basis for
WEEKLY REPORTS OF VARIATIONS FROM
JOB PLANS, MONTHLY JOB REPORTS, and
the final END-OF-PROJECT STATISTICAL
REPORT.

PERSONNEL ORGANIZATIGN.-
Subordinates under the Planning and Estimating
Supervisor are likely to be temporarily assigned
mndividuals familiar with the various construc-
tion subphases that is, a BU may be assigned to
assist with concrete, masonry, or structural
imembers estimates, a SW tc assist with rebars
and steel frame estimates, a UT to assist with
plumbing or heating estimates; a CE to assist
with electrical estimates, and the like. These
individuals are trained to estimate materials,
labor, and equipment requirements in their own
categories.

The function of the Planning and Estimating
Supcrvisor is to organize and coordinate the
work of the division by:

1. Providing cach subordinate with the prints
and specifications applicable to his construction
category.

2. Instructing each subordinate in the proce-
dures to be followed (i.e., forms to be filled out,
accuracy  desired, and the like), which are
deseribed in a later chapter.

3. Combining the cstimates in the separate
categories into a coordinated whole, and
preparing material, equipment, and manpower
schedules therefrom, as will be described also in
a later chapter.

Quality Control Section

The Quality Control Section is established so
that trained personnel are on hand to sce that
construction works are in accordance with the
job specifications - that is, the workmanship, the
material used, prevailing conditions, and ap-
pearance of the finished structure are within the
specified minimum standard. The only way to
maintain these desired qualities is through
constant and careful inspection and testing of
materials used.

Inspection and testing relate to QUALITY
control - meaning, steps taken to ensure that a
structure will meet given minimum requirements
as to strength, durability, safety, and appear-
ance. Quality depends, broadly speaking, on two
principal factors. (1) the inherent character of
the materials used in the structure, and (2) the
manner in which the materials are combined to
make the structure. With regard to both of these
considerations, DESIGN prescribes the
minimum quality criteria which must be met.
For example, design may prescribe that concrete
ingredients be in the proportion of 1 cement to
2 sand to 4 coarse aggregate, or that studs be
spaced 16 in. O.C. If the concrete ingredients
were | cement to 4 sand to 8 coarse aggregate,
and the spacing of studs 24 in. O.C,, the strength
quality of the structure would be considerably
lower.

Quality controi, then, consists of (1) the
testing of materials to ensure that their inherent
character meets minimum quality requircments,
and (2) the inspection of structures to ensure
that materials were installed (or, more frequent-
ly, are being installed) in the manner prescribed
by design. The principal source of quality
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criteria are the specifications, however, much
quaiity criteria (such as the spucing of studs, for
example) appears on the drawings.

TESTING AND INSPLCTION. Personnel as-
signed to the Quality Control Section assist the
Enginecring Officer in controlling the quality of
construction work. With regard to the mnspec-
tion, an enlisted man (usually aun EAC or
BUC) with a broad background in construction
is assigned as Chief Inspector. In some areas he
might have o civilian counterpart from the
custonmer activity, usually 4 representative from
the Resident-Officer-in-Charge of Construction
(ROICC), or Public Works. Before the creation
of the EA rating, the Chicf Inspector was usually
a BUC. At present the SEABEES have qualified
EACs for this billet, although you will still find
BUCs performing this function. To quality for
Chief Inspector, you should have special train-
ing, cither on-the-job training, civilian educa-
tional background, or attend special SEABLE
Quality Control Inspectors schools. EAs muay
also attend the Army school for Testing Mate-
rials and Inspection at Fort Belvoir, Virginia.

Other inspectors are assigned according to the
needs of the work. For inspection of specialized
work, men familiar with the special area (such as
BUs, UTs, or CEs) may be assigned to do the
actual inspection under the Chief Inspector’s
supervision. Survey field parties form the Field
Engineering Section may also do certain inspect-
ing.

Inspectors also make soil tests as needed, and
test and control all locally-produced materials,
such as concrete, lumber, concrete block,
crushed stone, sand, and gravel. For example,
the inspectors may make tests of soil in place,
take soil samples and make laboratory tests, and
assist in determination and control of optimum
moisture content and compaction of earth-
moving operations. They measure the physical
characteristics of aggregates used for concrete,
such as size and gradation, moisture content,
and hardness; calculate and control the propor-
tioning of concrete mixes, and test concrete
cylinders and beams.

TRAINING INSPECTORS AND
TESTERS. Lower-rated men assigned as inspec-
tors and testers should be given assignments for
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spare time reading of printed sources on inspec-
tion and testing procedures. Locally used
inspection and data fornss should be explained.
New men should then be assigned to learning
on-the-job procedures in the laboratory and at
the jobsite under experienced men. Again, the
PURPOSE of what is being done should be
explained, for example, the ultimate effect of
soil tests on the workh of highway subgrading
should be clearly shown.

There is relatively little routine, day-to-day
work in inspecting and testing, since the work of
the Inspection and Testing Section is heyed to
whatever happens to be going on construction-
wise at the moment. Therefore, it is difficult to
make any suggestions about the organization of
the section. A man who is making soil tests in
the laboratory today may be making inspections
at the jobsite tomorrow. The inspection and
testing crew is usually small, and, therefore, cach
man in the crew must be trained to cope with all
inspection and testing problems. In short, there
is little specific organization, the main super-
visory responsibility  being to train inspectors
and testers in all the functions of both cate-
gories.

CRITICAL ITEM INSPECTIONS.—As a
guideline, the Quality Control Supervisor must
be familiar with current COMCBPAC or
COMCBLANT and battalion instructions
pertinent to quality control. These instructions
will state minimum requirements and stress
CRITICAL ITEM inspections and tests which
must be performed during construction. Critical
items are those phases of construction which
must be inspected or tested before the next
phase of construction may proceed. For
example, approval to pour concrete cannot be
given until the forms, reinforcing steel, ete., have
been inspected. )

MATERIAL LIAISON OFFICER

Recently, in overseas deployment, there was a
big increase in the need for a Material Liaison
Officer (MLO) to assist the Supply Officer in the
requisition and control of construction material.
While the Supply Officer is responsible for the
receipt of project materials, their stowage and
issue, the Operations Officer also has a vital
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interest mn the flow ot project materials to the
jobsite. Therefore, a good working relationship
is essential. Most units assign a CEC officer to
work for the Supply Officer as MLO: however,
the Operations Officer may decide to retain the
MLO mn the Operations Department for adnuiis-
trative control. Lisison works both ways
anyway. 50 the question on the administrative
control will depend on the arrangement that will
best serve the purpose.

The 1nitiation of  construction material
procurement 1s usually supervised by o senior
petty officer (generally « CPO) of one of the
Construction ratings. Sometimes he has a hand-
ful of men workmg under him and the group' is
called the Construction Materials Procurement
Section. The section maintams direct ligison
with the Supply Department through the MLO,
and assists the P&E Scction when the battalion
1s responsible for preparing materiai takeoffs.

The Construction Materials Procurement Sec-
tion or the Materials Liaison Officer is respon-
sible for:

1. Preparing, logging, and following up on
requisitions for building materials based on
approved bills of materials.

2. Receiving construction materials and post-
ing tickets against bills of materials.

3. Direct delivery (whenever feasible) of
construction materials from ships to locations at
the jobsites approved by the Operations Officer
and field supervisor.

4. Keeping posted on job progress.

5. Close coordination with field supervisors.

6. Phased delivery of construction materials
to jobsites.

7. Controlled 1ssue of construction materials
to authorized persons in authorized amounts.

8. Prompt notification of the Operations
Officer and Supply Department of any
anticipated shortages or delays.

On a deployment, the Materials Liaison Of-
ficer designates one of his men as the
“Expediter”—he is usually a semor petty officer,
generally a CPO of any of the ratings. As
mentioned in chapter 1, an EAl or EAC might
be designated as Expediter. This assignment
requires lots of legwork, tact and diplomacy,
mitiative and, above all, patience. The general

39

impression attributed to a good expediter is to
“Get the needed materials by whatever means
and send them to the battalion as fast as you
can’.

Generally. in connection with this assignment,
you will be issued TAD orders for temporary
duty with a SEABEE unit nearest the supply
point depot. Your main responsibilitics are to
follow-up requisitions for the battalion, receive
the materials and ship them as soon as practi-
cable to the battalion's jobsites. You will main-
tain constant communications with the bat-
tilion, or in most cases, with the Materials
Liaison Officer. Generally, messages are sent to
the Supply Depot on the status of requisitions
and on materials under shipment; you will go
through the message files each morning, so you
will have the latest on your requisitions and
perhaps intercept the materials you are inter-
ested in as soon as they arrive. You might also
be given additional coilateral duties by the
Commanding Officer.

ADMINISTERING A COMPANY ACCIDENT
PREVENTION PROGRAM

As mentioned earlier in this chapter, the
safety program is under the direction of a Safety
Officer designated by the commanding officer.
Under the direction of the Safety Officer, and
with the assistance of the Safety Chief, each
company is required to administer a company
accident prevention program. You, as an EAC,
may be appointed to administer the Head-
quarter’s Company accident prevention pro-
gram. And as a supervisor in the Operations
Department, you are responsible for the safety
of the men under you, and for the reporting and
investigating of accidents.

SAFEGUARDS AND SAFETY EDUCATION

Many supervisors feel that it is only necessary
to provide safeguards and safety will then take
care of itself. Provision of safeguards is a move
in the right direction, but it alone will not get
good results. To maintain a good safety record,
you, as the supervisor, need to employ a
combination of safety devices and safety train-
ing. If each man has had sound safety training,
he will be able to guard against even those
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hazards where safety devices are impracticable.
You must, however, train every man in the use
of safeguards, explaining why. as well as how,
they should be used. How many times have you
secn a man shut off the power on a piece of
machinery and then walk away from it before it
has stopped running? Such a man uses a safe-
guard, but he does not know why he uses it. By
providing the necessary training, you, as an alert
supervisor, must make sure careless uses of
safeguards do not happen.

Standup safety meetings should be held once
every week. The meetings should be held at or
near the work area. Instead of a routine safety
lecture, it is much better to hold a group
discussion on specific accidents that are to be
guarded against or that may have happened in
the unit. The men should be encouraged to
express their ideas. A group conclusion as to
how specific accidents can be prevented should
be reached.

Another type of safety mecting is one in
which the supervisor presents a safety problem
that has developed because of new work or new
equipment. Again, the men should be en-
couraged to express their ideas.

A third type of safety meeting is one in which
actual demonstrations and practice by the group
are carried out. You might demonstrate how to
lift, and then have the men practice lifting.

Making these mectings interesting is of the
utmost importance. The supervisor should not
complain or scold, and the mectings should be
limited in time. The subject matter should be
thought out carefully in advance and it should
be timely. Considerable ingenuity 15 requared to
keep these meetings from becoming dull routine
affairs. You should have the men themselves
rotate as leaders of the safety meetings; this is an
excellent way to maintain interest Hundreds of
good motion pictures and other visual aids are
available on safety subjects. Consult with the
Safety Chief. He will be able to suggest different
topics for your safety meetings. And often, he
will, upon request, conduct safety meetings for
your men.

As company safety administrator, you are
required to submit safety meeting reports
periodically to the Safety Chief. You must keep
a record of all meetings conducted within the
company. Information required for this report
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will include the topics discussed, the number of
men attending, and the length of the meeting.

SAFETY INSPECTIONS

Safety inspections are a never-ending respon-
sibility of the supervisor. The supervisor does
not follow a strict schedule of safety inspec-
tions; instead he maintains a continual alertness
for all potential safety hazards around him. He
ensures that all sateguards in the work areas are
being adhered to and that all protective equip-
ment is being used when required. For example,
if’ a survey party is performing survey operations
along a busy highway, the party chief must
make sure that every man is wearing a brightly
colored vest and that flagimen are provided to
control traffic.

ACCIDENT REPORTING

When an accident occurs, the immediate
supervisor or crew leader of the person involved
must fill out an OPNAV Form 5100/1, Ac-
cidental Injury/Death Report (see figs. 2-10
through 2-13). This form provides a method of
recording the essential facts concerning an ac-
cident, from which data for use in accident
prevention can be compiled. Item 27-“Cor-
rective action taken/recommended” -is the most
important part of this report. The manner in
which this question is answered provides a clue
to the attitude of the supervisor. Too many
supervisors answer this question with, “The man
had been warned to be more careful.” This type
of answer does not mean a thing. The answer

to this question should tie in with the rest
of the reporr. If an unsafe working condition
is the cause of the accident, the supervisor
cannot correct it by warning the man to be
more careful. The supervisor should study
the report, analyze it, then take the proper
corrective action. This report is one of the best
accident prevention tools if properly used. In
many cases, che difference between a minor
accident and a major one is a matter of luck. Do
not ignore the small cuts and bruises; investigate
the reasons for them and correct the causes. If
you do this, you will have a safe working crew
and an efficient one.
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BLOCK 18 wiIND €F INJURY

AMPUTATION OR ENUCLEATION
ASPHMYXIA, STRANGULATION

SURN OR SCaLD
BURN {CHEMICALD
CALFSON D1 SLASE
CONCUSSION,
CONTUSION. CRUSHING, 8RuISE

LomERvaAL?

8INDS
BRAIN

CUT. LACERATION,
DiSLOCATION

ORO wNING
CLECTRIC SHOCK . CRECTROCLTEON
FORCIGY BODY (00SC (DUST. RUS?. SOOT)
FORE TGN 800y, RCTAINED OR CMACODLO

PUNCTURE, OPEN wOUND

RADIATLON, NONEONIZING
RADNAT I ON ACT Nt
SCRATCMES, ABRASIONS
SPRAINS, STRANNS
SUBMERSION, NONFATAL
eMULTEPLL INJuRICS
UNDETCRMINGD
*OCCUPATIONAL DISCASE, NIC

*OTMER INJURY, NEC

BLOCK 19 BOOY PARY INJURED

“MLAD
*nECx
CUPPLR CXIREMETICS

(ENCLUDENG FACC)

* TRUNK

*LOWER OxXIREMITICS
TMULTIPLL PARTS
*300Y SYSIIM

*80DY PARIS, NEC

8LOCKE 20 & 23

SOURCE OF INJURY AND
ASURTY OF KTCTOERY

*AIR PRECSSURL

CTANEMALS

*8004Y MOTION

*80ILERS  PRESSURE vESSCLS - PARTS
*B0XCS. BARRELS, CONTAINCRS, PACKAGLS

{EuPTY OR FuLL. EXCEPT GLASS)
*QUILDINGS & STRUCIURLS » PARTS
*CnlmICALS & CHEMEICAL COMPOUNDS
*CLOTHING, APPARCL, $KOCS
«COAL AND PLIROLEUM PRODUCTS

*CONSTRUCTION MATCRIALS (NOT PART OF A
STRUCTURL)

*CONYEYORS, GRAVEIIY OR pOw(RLD
(EXCEPT PLANT & INDUSTRIAL vEWICLES)

*DRUGS AND MLOLCENES

«CLECTRIC & CLECTIRONIC APPARATYS, NEC

CFLAME, FIml. SMOKC

*FORCIGN §ODSES OR UNIDENTIFICD ARTICLLS
CFURNITURE, FIXTURES. FURNISHINGS
*GLASS & CORAMIC 1T7Cus. NEC

*HAND T00LY ‘0T pOWwERLD.
CARRICO BY A PCRSON)
'nAND T00LS (MCCH & (LEL  MOTOR POSCRLD.

USE. CARRICD AND MELD 8T A PCRSON)
*HEATING COUIPMENT,
ust (FOR CLEC
APPARATYS)
*MOLSTING APPARATUS

wHIN TN 0SE,

NEC (NOT CLEC ) wMEN IN
FURNACES SCC CLECTRONEC

cCLEVATORS
*HUMAN BEENG
CINSTRUMENTALITICS OF wAR

FRACTURC CMACHINGS ('oﬂuau:'& FIXCD. ExCEPY
wHEELED vEMICLES

FRECZANG. FROSTBITC ¢

CMETAL 1TEMS. NEC
MEARING LOSS,. OR IMPALRUENT

CMINCRAL 1TCMS, NEC
MEAT STRORE, SUNSTROXE, MELAT LXMAUSTION

*NATURAL POESONS AND TOXIC AGENTS, NEC
MERNTA

NOSSE
esNJURPES  INTERNAL

*PERSONNEL SUFPORTEING SURFACLS {DCCK.
TPOUSONING, SYSTEIMIC LAODER. STAGEL, BROW. PLATFORM)
RADUATION ¥ONEZING *PLASTIC 13EMS, NEC

«PUMPS. ENGINES. TURBINES (NOT ELEC )

*RADIATING SUBSTANCECS anD touwutm tust
ONLY FOR RADIATHON INJURILS)

*SCRAP, DLORIS, WASTL MATCRIAL,
(CXCCPT RADIDACTIVE)

*SMIP STRUCTURL « PARTS
*SPORTS

(1C . nEC

¢ TEMPERATURE [ATMOSPHERIC,
LIS, nEC

¢ VEMICLES, (AIR, LAND, SCA)
MILETARY AND INDUSTRIAL

CNVERONMENTAL }
cTExTILL
INCLUOING

wATER AND STCAM
800D I1TIMS, Al
*MESCOLLANEOUS, NEC
UNDLTCRMINED
«0MER, NEC

BLOCK 21 KIND OF 2CCIDENT

*STRUCK AGAINST

*STRUCK BY

CFALL OR JuMp FROM CLEVATION
CFALL OR JuMp ON SaMC LEVEL
*CAUGHT IN. UNDER, OR SCIWCEN
BITC OR STING, VENOMOUS AND NON-VENOMOUS
*RUSBLD. ABRADLD, FUNCTUREO OR Cyt
80DILY RCACTION OR MOTION
*OVEREXCRTIION

“CONTACT wiInM

UNDCICRMINED

*OIMER, NEC

BLOCK 22  HAZARDOUS CONCITION
“DEFECT OF YHE AGENCY OF ACCIDENT
“ORESS OR APPARCL WAZARD
“IMPROPER JLLUMINAT 1ON

«IMPROPER VENTILATION

¢ ENVIRCAMEINTAL MAZARD, NEC
* MAZARD OF OUTHOL WORK
ENVIRONMENT = O THER
¢ INADEQUATELY GUARDED
* PLACEMENT WAZARD
* PUBLIC MAZARD
UNDCTCRMINED
NO HMATARDOUS CONDITION
* MAZARDOUS CONDITION, NEC

K_24 AFE_ACT

* WOHKIN" ON MOVING OR DANGCROUS
COUIPNINT

* DFIVING CRRORS 8Y vEmtCLC
OPCRATIOR

¢ FAILURL 10 ySC PERSONAL
PROTCCTIVE CQUIPMENT

FAILURL TO WCAR SAFL pLRSONAL
ATTIRE

¢ FAILURL T0 SECURE OR waARN
HORSEPLAY AND SKYLARKING
CUARRECLING OR FIGHTING
* IMPROPER USE OF COVIPMENT
« IMPROPER ySC OF WANDS OR 8DDY
PARTS
INATIENTION 10 FOOTING OR
SURROUNDINGS
¢ FAILURE T0 usSC SAFCIY DEVICES

« OPLRATING OR WORKING AT UNSAFC
F14 44

* TAKING LNSA'( POSITION OR
POSIUR

*UNSAFL PLACING, MEIXING,
COMBINING, [T

*USING UNSAFL COVIPMENTY
« OTHER UNSAFL ACTS,. NEC
UNDC TCRMINED
NO UNSAFE ACT
NEC = NOT CLSCWHMERE CLASSIFICD

BLOCK 25 WNSaFF PERSONAL
A

UNDER INFLUENCE DRUG/ALCOMOL
FATIGUL

1LLness
* IMPROPER ATTITUDC
*LACK OF kNOWLEDGC
«80DILY DLFLCYS
UNDETERMINED

NO UNLAFL PERSONAL FACTOR

OR SKiILL

COINER _ASAFL PCASONAL FACTOR,
NEC

* SPECIFY/DLTAIL

o=y3990

29.5:2.4{127E)

Figure 2-13.—Instructions for Accidental injury/Death Report (back).
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ACCIDENT INVESTIGATION

To fill out the OPNAV Form 5100/1, shown
in figures 2-10 and 2-11, an accident investiga-
tion must be conducted. The following impor-
tant factors should be considered when conduct-
ing an accident investigation:

1. Unsafe conditions. Was the equipment
mproperly guarded, unguarded, or inadequately
guarded? Was the eqaipment or material rough,
shppery, sharp-edged, decayed, worn, or
crached? Was there a hazardous arrangement,
such as cvongested work space, lack of proper
hfting cquipment, or unsafe planning? Was there
proper illumination and ventilation? Was the
man dressed properly for the job? Was the man
provided with proper respirator, goggles/glover?

2. Type of Accident. Was the man struck by
some objeet? Did the man fall at the same level
or to a different level? Was he caught in or
between objects? Did he slip (not fall) or
overexert himself?

3. Unsafe Act. Was the man operating a
machine without proper authorization? Was he
working at an unsafe speed, too fast or too
slow? Was any safety device made inoperative or
removed? Was any load made unsafe, or were
tools or cquipment put in an unsafe place where
they would fall? Did someone fail to wipe up
oil, water, grease, paint, etc., on working sur-
faces? Did the injured man take an unsafe
posttion of posture? Did he 1ift with a bent back
or wlile in an awhward position? Did ! . lift
jerkily? Was he riding in an unsafe position on a
vehidde? ¥as hie using improper means aseending
or descending? Was the injury caused by failure
to wear the provideu safe attire or personal
protective devices such as goggles, gloves, mashs,
or safety shoes?

4, Unsafe Personal Factor. Was the man
absent-mmded or nattentive? Did he fail to
understand instructions, regulations, and safety
rules? Did he wilfully disregard instructions or
safety rules? Was he unaware of safe practices,
or unskilled? Was he unable to recognize the
hazards? Did he have a bodily defect, such as
poor eyesight, defective hearing, or a hernia?

5. Type of Injury. Did he sustain a cut, bruise,
sprain, strain, hernia, or fracture? Generally, you
should get this mformation from a dodtor,

because it is often difficult for a layman to
diagnose injuries.

6. Part of Body Affected. Did the injury
involve arm, leg, ribs, feet, fingers, head, etc.?
This information should also be obtained from
the doctor.

The factors cited above will give you an idea
of some of the things a supervisor must inves-
tigate and report when accidents occur. Each
accident is different, and cach should be inves-
tigated and judged on its own. Do not jump to
vonclusions. Start each investigation with an
open mind. The most important factor in any
accident investigation is to determine how to
prevent a similar accident.

THE PERSONNEL READINESS
CAPABILITY PROGRAM

The Personnel Readiness Capability Program
(PRCP) is a management tool which was de-
veloped in the mid-1960’s by the staff of the
Commander, Construction Battalion, U.S.
Atlantic Flect and subsequently implemented
throughout the active and reserve Naval Con-
struction Force (NCF). Its purpose is to provide
management at all levels of the NCF with
personnel information in a timely manner, to
increase their capabilities in the areas of plan-
ning, decision making, and control.

Prior to the implementation of the PRCP,
perconnel information was kept on an “as
requirted™ basis by various members of the unit
in personal notebooks, files, and records. As
management required this information to deter-
mine military and construction capabilitizs,
training requirements, logistics support, etc., it
was collected. This collecting of information was
usually a time-consuming, laborious task
requiring a4 piccemeal inventory of the com-
mand’s capabilities and/or requirements, or was
obtained through the use of rough estimates.
These methods, however, did not produce the
accuracy or rapid response desired. Implementa-
tion of the PRCP helped solve these problems by
establishing standard procedures for identifying,
collecting, processing, and utilizing tnis needed
information.

The Personnel Readiness Capability Program
requires cach participating command to gather,
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and continuously update, information on each
member of their unit Most of this information
concerns sKills acquured through actual job
experience or through some type of training
program. Other information such as eapiration
of culistment, rotation date, etc., is required for
accurate planning. The gathering of this type of
information is called « SKILL INVENTORY.

SKILL INVENTORY

An accurate and current skill inventory is the
“backbone” of the PRCP. Without it, the
reliability of any planning based on information
stored in the PRCP DATA BANK is ques-
tionable. Presently, all PRCP skills and other
data arc based on requirements established by
COMCBPAC and COMCBLANT and promul-
gated in their joint instruction of the 1500.20

series.  Additionally, these skills have been
conveniently classified mto five major cate-
gories:

I. Individual General Skills. These are es-
sentially non-manipulative (knowledge) shalls
related to two or more ratings, such as Construe-
tion Inspection, Planning & Estimating, and
Safety Inspection.

2. Individual Rating Skills. This is the largest
and perhaps most significant category. These
shills are all primarily manipulative skills as-
sociated with one of the seven Group VIII
(Construction) ratings. Some examples are.
Survceying for Engineering Aid, Cable Splicing
for Construction Electrivian, and Shore-Based
Boiler Operation for Utilitiesman.

3. Individual Special Skills. This category
contains technical skills which are performed by
several ratings, including Non-Group VII's. For
example: Forklift Operation, Ham Radio Opera-
tion, and Typing.

4. Military Skills. This is the second largest
category. It is divided into two sub-categories:
General Military Requirements and Seabee
Combat Readiness. Respectively, examples are
Disaster Recovery Training and Mines & Booby
Traps.

5. Crew Experience (Skills). This category
comprises experience gained by working with
others on specific projects. Most of these

ERIC
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projects are related to advanced-base construe-
tion, such as Steel Tank Erection, Pile Diriving,
and SATS Installation.

A skill inventory las three principal steps.
First, a clear definition of cach skhill must be
prepared so that cach person will give it the
same meaning. Second, a standard procedure for
obtaining the information must be developed.
This helps to ensure that the information,
regardless of where it is collected or by whom,
will meet certain standards of acceptability. The
third and last step is the actual collection of the
skill data, and this includes the procedures for
submitting it to the data bank.

Skill Definitions

A book oi standard SKILL DEFINITIONS,
called BooA 1- PRCP Skill Definitions, has been
prepared, which contains a definition for every
skill identified in the Personnel Readiness
Capability Program. These definitions have been
jointly approved by COMCBLANT, COMCB-
PAC, and CNRT (Chief of Naval Reserve Train-
ing) and they are applicable to the entire Naval
Construction Force.

Each definition consists of one, two, or threc
SKILL LEVELS, depending upon the com-
pleaity and number of the various TASKS which
make up the skill. Each level within a given skill
is more difficult to attain thar. the previous one,
however, it has no relationship to another shill.

Figure 2-14 illustrates an individuae! rating
skill definition. Its significant features are. a
standard numerical designation and title
(420--Drafting), a statement of tasks to be
performed at cach level, and the identification
of training whereby the tasks may be learned.

Data Collection Procedure

The skill definitions alone do not contain
sufficiently detailed information to accurately
classify people, nor do they provide any clas-
sification procedures. Recognizing this, special
SEABEE workshops were conducted by the
Civil Engineering Support Office (CESO) and,
under their guidance, the PRCP Interviewer’s
Standards and Guides were developed. These
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420 — Drafting

Skill Level 1:

Skill Level 2:

skill Level 3;

SKILL DEFINITION

Individual must be a Skill Level 1 in 400—Applied
Mathematics plus he must identify, use, and care for
all items in the NMCB Draftsman Kit; draw freehand
sketches from objects, notes, and verbal descriptions;
letter freehand in single stroke Gothic; trace and revise
drawings, charts, and maps; '‘construct'' various plane
figures, circular curves, and non-circular curves; use
standard drawing conventions to make oblique und
orthographic projections and multiview orthographic
projections, including auxiliary and section views;
operate and perform operator's maintenance on ammonia
vapor reproduction machines and file drawings and fold
prints.

Applicable Training: ''A'' School

420.1 —Drafting I

Skill Level 1 plus be a Skill Level 2 in 400—Applied
Engineering Mathematics; layout and make construction
drawings, including electrical and mechanical layouts
from engineering sketches; make electrical schematics
aud isometrics of piping and ductwork; use standard
architectural, structural, electrical, and mechanical
symbols; make prespective drawings; and layout anddraw
topographic maps.

Applicable Training: 420.2—Drafting II

Not applicanle,

Figure 2-14.~Individual rating skill definition for drafting from PRCP

“guides” contain a detailed TASK ANALYSIS
of each skill defimition ds well as standard
procedures for their use. The PRCP Intersiewer’s
Standards and Gudes are the principal tools
used mn collecting skill data. They can be used

Interviewer’s Standards and Guides.

1
i

82.218

two ways. (1) By following the interviewing
procedures in each guide, a trained interviewer is
able to classify people to a predetermined skill
level within an acceptable degree of uniformity;
and (2) anyone so authorized can, by having a
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thorough knowledge of the tashs required of
each skill, classify others to an appropriate
skill level by actually obsering the men per-
forming the tasks, either in training or on the
job.

Skill information obtained from interviewing
or observing is submitted to the Facilities
Systems Officc (FACSO). Port Hueneme, Cali-
fornia, on a special form known as a
TRANSCRIPT MASTER. This form, which
consists of multiple shects of carbon sensitive
paper, 1 pre-printed with eveny shill wdentified in
the FPRCP. Normally, it 15 only nceessary to
murk the appropriate shill levels attaned, send a
vopy to FASCO where the data bank is main-
tained and retain a designated copy at the umt
level. Complete instructions and information for
using the Transcript Master, as well as other
PRCP data processing infOrmation, can be
obtamed from the traming officer of umts
participating in the program.

As an EAI or EAC, you are directly respon-
sible for using the PRCP Interviewer’s Standards
and Guides to interview your men (or others)
and to provide the initial information for the
PRCP data bank. Subsequent UPDATING of
this intial information will be based on your
observance of the man performing on the job or
upon his performance at a school. New men,
however, and others returning from long periods
of certain types of shore duty, may require
interviews.

PRCP INTERVIEWS

Tirere are two types of PRCP interviews. The
first and most important 15 the INDIVIDUAL
RATING SKILL INTERVIEW. The second type
is simply called OTHER INTERVIEWS. Roth
types require the use of the PRCP Interviewer'’s
Standards and Guides.

Rating Skill Interviews

The individud rating skill intenicws require
an c¢apericneed and knowledgeable tradesman.
In these, o discussion technigue is used by the
interviewer to Jassify other SEABLES 1n the
skill levels of the various individual rating skills.
This techinique requires a thorough understand-
ing of the skitly and tasks eaplained in the
intenviewing guides. It 1 recognized that few

ERIC
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individuals possess the eaceptional knowledge
required to interview in all the skills of their
rating. In this case, the interviewer must be
mature enough to recognize his own limitations
and be willing to seek assistance from others in
his rating.

Other Interviews

The “other” interviews are used to classify
people into the individual general and special
skills, military skuls, and crew experience. With
only a few exceptions, these skills do not require
an experienced interviewer, and in many cases,
skill levels can be assigned without talking to the
individual concerned by looking through the
man’s service or training record. Those skills
requirng the man to be present can usually be
assigned after a simple “Yes” or “No” answer.
Administrative personnel, including comm»any
clerks, are ideal for conducting ihese “other”
interviews.

USING THE INDIVIDUAL RATING
SKILL GUIDES

The following information, taken from the
PRCP Interviewers Standards and Guides, is
intended only as general guidance. When as-
signed as an interviewer, it is mandatory that
you obtain, read, understand, and use the
respective interviewing guides. Each of the
“auides” is assembled in a standard format. First
is a TITLE PAGE. This is followed by the
SKILL DEFINITION, then comes the various
TASKS which are broken down into several
TASK ELEMENTS. (Sec figs. 2-15, 2-16, and
2-17.)

Title Page

The title page serves to identify the skill and
titc pages which follow. For example, the
SAMPLE GUIDE in figure 2-15 idenufies the
Individual Engincering Aid Skill of 410
Sunveying. The number 410 is a numerical code
which identifies this particular Engineering Aid
skill.

The CONTENTS can be used to ensure that
there are no missing pages in your guide. The
respective skill definition will always be listed
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INTERVIEWER'S

STANDARDS AND GUIDE

for the

INDIVIDUAL ENGINEERING AID SKILL

of

410 —Surveying

CONTENTS Page
410 &lrveying S!dll Definition ® o 6 0 & & o & o o e o6 & o6 6 & &6 &6 C 6 & 0 o O o 2

1 Skill Level 1
Ol Periorm as ChainmMaNe « « « o o o c o s s 0 s s s oo oo oo sssss 3
02 Perform asS rOdMalic « o « o o o o o s s 06 0 s o oot oo oo oeess &
03 Perform aslevelman ¢« « - o o o s ¢ o 066 66 6 6 60 0000003000 O
04 Perform astransitMan . . « e o o o s s s s s s s o s o s osssosoes B
.05 Plotsurveyingdata............................7
o2 Skill Level 2
.01 Use plane table and alidade s « « o ¢ « s 0 s s s o s s oo 0 s e 0o oo os B
.02 Perform as ""party=chief'" . « v o v e s 0 s s 000 000 s s 0o s oo I
3 skill Level 3

Not applicable.

82.219
Figure 2-15.—Title page of the PRCP Interviewer’s Standards and Guides for
the individual Engineering Aid skill of surveying.
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SKILL DEFINITION

410 — Surveying

Skill Level 1: Individual must be a Skill Level 1 in 400 —Applied
Engireering Mathematics plus he must identify, use, and
care for all items in the NMCB Surveyor's Kit; demon-
strate use of standard arm and hand signals; perform as
chainman using pins, tape spring balance, range pole, and
plumb bob; perform as rodman, using level and stadia
rods; take soundings with lead line or rod; setup level
(dumpy and self leveling) and perform differential
leveling; setup transit and read horizontal and vertical
angles and stadia distances; determine azimuths and
bearings with a surveyor's compass; set, mark and
survey construction reference and control points; record
and reduce level and traverse notes; read and interpret
topographic maps; plot survey data to scale, using graph
paper and letter freehand in single stroke style,

Applicable Training: 'A'" School
410.1 — Surveying I

Skill Level 2: Skill level 1 plus be a Skill Level 2 in 400 — Applied
Engineering Mathematics; use plane table with alidade;
read and interpret construction drawings required of a
"!"party chief;" perform duties of ''party chief'' for
topographic, land, and construction (engineering) surveys,
including selection of Horizontal and vertical reference
and control points, determination of measuring techniques,
verification of survey accuracy by field checks, and
computation of data required for laying out vertical and
horizontal curves; measure construction items for
progress reports and "'as-built'' drawings; compute and
distribute error of closure for traverse and level nets;
convert field survey data into information required for
engineering studies and material quantity estimates, using
surveying and math tables, calculator, and slide rule;
and determine the need for and make field adjustments to
transits, levels, and alidades,

Applicable Training: ''"B'' School
410.1 — Surveying II

Skill Level 3: Not applicable,

82.220
Figure 2-16.—Individual rating skill definition for surveying from
PRCP Interviewer's Standards and Guides.
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410.1.01 TASK: Perform as chainman,

.00 For the TASK ELEMENTS listed below: VALUE

A. Describe the sequence of steps of this procedure
and explain the reasons for each. 3
B. List significant tools and materials used in
this procedure.
C. Describe principal materials used in this procedure.
D. Discuss the parameters of this procedure.
E. Describe assistance required while performing this
procedure, 1
F. Explain results if this procedure is not performed

N O

properly or it is neglected. 4
G. Perform the steps of this procedure when practical. 5
TASK ELEMENTS: A BCDEVFGT
.01 Perform as head chainman:
a. Select and set traverse station. 3 2 1 4 5 15
b. Horizontal chaining using plumb bob. 3 2 2 4 5 16
c. Break chaining using locke hand level 3 2 2 4 5 16
d. Slope chaining using clinometer. 3 2 2 4 5 16
e. Keep control point notes. 3 4 5 12
f. Give and set foresight for angle
turning. 3 2 2 4 5 16
.02 Perform as rear chainman:
a. Give backsight for alignment. 3 2 2 4 5 16
b, Hold tape or chain. 3 2 4 5 14
¢. Drive and mark stakes. 3 2 4 5 14
d. Clear line of sight. 3 2 4 5 i4
.03 Transport, clean and store:
a. Chains, 3 2 4 5 14
b, Range poles. 3 2 4 5 14
¢. Plumb bobs. 3 2 4 5 14
d. Cutting tools. 3 2 4 5 14

Possible 205
Qualifying 105

82.221
Figure 2-17.~Typical task analysis with task elements and related action statements.
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first. Directly under this will be .1, Skill Level 1.

Beneath each of the applicable skill Tevels are the
“tashs” for which you must interview each
candidate to seef he is qualified to that level.

Skill Definition

The skill definition for 410 - Surveying is
shown in figure 2-16. Its purpose in the guide is
to introduce the skill matenial to the inter-
viewee. For example, you can begin your
intervicw by reading the skill definition to the
man. If he says he can do the related work, you
may continue with the interview for that skill
fevel, however, if he says he can’t do the work, it
is obvious that you should go on to some other
skill.

Tasks and Task Elements

A task is a specific portion of the overall skill
level. Many tashs cover relatively broad areas.
Others may be quite specific and brief. Each
tash is further broken down into several smaller
jobs cal:zd task elements.

A TASK ELEMENT is a basic part of each
task. When interviewing, you will use the task
elements and their related ACTION STATE-
MENTS to determine the interviewee's qualifica-

tions. Action statements tell you the type of

information you should get from the man being
interviewed. Each action statement is identified
in the “guides” by a capital letter (A, B, C, etc.).
They are listed near the top and the number
used varies from task to task. The first action
statement in figure 2-17 is:

A. Describe the sequence of steps of this
procedure and explain the reasons for
each.

Note that each action statement is assigned a
numerical VALUE. The value of each ranges
from one (1) tofive (5), dependingontherelative
importance to the discussion it will produce
during the interview. The TOTAL value of all
action statements applied to a particular task is
called the POSSIBLE (score) and the total
required to quahfy an interviewee is called the
QUALIFYING (Score).

EKC
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STEPS FOR INTER VIEWING

When interviewing, the first thing you should
do is to attempt to put the intervicwee at ease.
A good way of doing this is by explaining the
purpose of the interview. For example the
interview will;

1. Let the man know what he is actually
expected to know and to do.

2. Determine what the man can actually ds so
that he is assigned to the right job.

3. Determine the man'’s deficiencies so that he
will be programmed to receive proper training.

Next, explain to the interviewee .that he
should discuss what he knows of the skill
honestly and that he should not be embarrassed
if he doesn’t know every item covered in the
“guides™.

Tell the interviewee what skill and skill level
he is bteing interviewed for. Read the skill
definition, as was suggested previously, to sce if
the man is knowledgeable of the subject.

Many skill levels require that the man hold a
specific NEC (Navy Enlisted Classification). For
example, Skill Level 2 of Planning, Estimating,
and Scheduling requires the individual to have
an NEC of EA 5515 — Construction Planner and
Estimator Specialist. If the man has such an
NEC, he should immediately be assigned the
applicable shill level without being interviewed
for any lower skill level.

Task Interviewing

Begin interviewing by reading the task. This
helps the man to concentrate in the right area.
This should be rephrased:

“The first thing we will discuss in surveying is
the performance of the chainman.”

Then read the first TASK ELEMENT (.01
Perform as head chainman). By applying it
through ACTION STATEMENT “A™ (Describe
the sequence of steps of this procedure and
explain the reasons for each), it would sound
something like this:
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“Describe  the  sequence  of  steps when
performing as head chanman m selecting and
setting traverse stations, and explain the reasons
for each step.”

As you can see, this is not a question. It is a
statement which tells the man that you want
him to tell you what he knows about performing
the steps of the pre-start check and the reasons
for performing them. There are no questions in
the PRCP Interviewer’s Standards and Guides,
therefore, no  answers  are  provided. The
“guides”™ pomt out the areas to be discussed (in
terims of TASK ELEMENTS AND ACTION
STATEMENTS), and the intervicwee's replies
are evaluated by the interviewer on the basis of
hi> own personal experience, knowledge, and
judgment.

It should be obvious now why all rating skill
interviewers MUST be experienced in the skill
for wiich they will interview. The only way you
can deternune that the iterviewee knows the
tash element 1s to thoroughly know it yourself.
If you are unfamiliar with, or “rusty” in, any
tasks n the “‘guides™, you must study these
areas thoroughly before attempting to interview
anyone. Also, if you do not understand how a
particular action statement is used with a task
element, you must resolve this before interview-
ing. Discuss the problem with others who are
familiar with the skill.

ONLY discuss the task element with the
action statements indivated in the columns to
their nght by the numerical value. For example,
in figure 2-17, only action statements A, B, D,
F, and G arc used with task element .02. And, in
task element .03, only action statements A, C,
F, and G are applied. As an expert in the skill,
you will probably have a desire to “ask ques-

o3
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tions™ in tashs not covered by the “‘guides™. This
must be avoided as then there will be no
standard. If you feel strongly that the “guides”
can be improved, discuss your recommendation
with the PRCP coordinator.

Scoring Interviews

If the interviewee discusses the task element
to your satisfaction, he is awarded the numerical
valuz of the applicable action statement. The
interviewee is not awarded any partial values. He
either knows that part of the task element to
which the action statement is applied -or he
doesn’t know it.

Continue to discuss all the task elements and
action statements with the interviewee where
indicated and award values for those you judge
he is qualified in. When a task is completed,
total up the values awarded, and if they exceed
or are equal to the qualifying score, certify the
man as qualified. The same procedure is
followed for the remuaining tasks at that level.

A man must qualify in each task of a given
skill level in order to qualify for that level. Once
a man has been assigned a Skill Level 1, he may
then be interviewed for Skill Level 2, and so on.

The scores, as such, are only used to deter-
mine whether or not the man is qualified to a
given level, and only the actual level received is
entered on the TRANSCRIPT MASTER
mentioned earlier.

Scoring should be done as the interview
proceeds, and the man should be told how he is
doing. If time permits, go over weak points with
him and recommend how he can improve his
technique or knowledge. A record of the intei-
view provides a good basis for locdl training
programs.




CHAPTER 3
GEODESY AND FIELD ASTRONOMY

Surveying which covers a small part of the
carth’s surface and ignores the correction for
cunature in the computation of distances is
cilled PLANE surveying, that which covers a
vast arca of the carth’s surfuce and its curvature
is taken into account is called GEODETIC
surveying. Most of the surveying you do in the
Seabees will be plane surveying. There are times,
however, when your job may involve geodetic
surveys. On an advanced base the engineering
officer may require precise control points as a
tic-in for more detailed surveys. In this con-
nection you must have some krowledge of the
basic principles of geodetic sunveying. You must
also have some knowledge of practical astrono-
my. the cunvature of the carth, und the problem
of projecting all or part of the cunved surface of
the earth onto the flat plunc of a map or chart.

This chapter provides information that will
aid you in carrying out your duties involving
geodesy and ficld astronomy. We will discuss
map and Jhart projection and  describe the
characteristivs and development of various ty pes
of projuction. We will explain the use of
different kinds of time such as solar time, zone
time, and Greenwich mean time  in determining
direction from celestial observations. Some of
the basic elements of ficld astronomy also dare
taken up, for instance, celestial coordinates,
local hour angle. polar distance, and so on.
Instructions are  provided on determining
latitude by use of a transit. We will also explain
the procedure used to determine truc azimuth of
a line on the ground from a celestial observation.

TYPES OF MAP AND CHART
PROJECTIONS

A paper oy hinder (without 2nds) and a paper
cone van be cut along the side and flattened out
without distortion. For this reason, the two
most common bdasic projection methods are the
MERCATOR, i which the earth’s surface is
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projected onto u cylinder, and the CONIC, in
which the surface is projected onto « cone. A
third method is the GNOMONIC method, in
which the carth’s surface is projected onto a
plane placed tangent to a particular point. For a
POLAR gnomonic chart this point is one of the
earth’s geographical poles.

MERCATOR PROJECTION

The concept of Mercator projection can be
grasped it you imagine the carth to be a glass
sphere, with the geographical meridians and
parallels  occurring at a given interval (for
example, every 15°) inscribed as lines on the
sphere, and with a strong hght at the center.
Now imagine a paper cylinder placed around the
sphere, tangent to the Equator, as shown in
figure 3-1. The shadow images of the meridians
will appear on the paper as equispaced, parallel,
vertical lines. The shadow images of the paralicls
will likewise appear as straight lines, running
perpendicular to the shadow images of the
meridians, but instead of being equispaced, thie
distance between adjacent parallels will progres-
sively wcrease as latitude (distance N or S of the
Equator, the line of tangency) increases.

You can see that there are two elements of
distortion here, ecach of which progressively
increases with latitude. Oneis the face cthat che
meridians, which on the earth itself converge
together so as to meet at a point at cach of the
poles, dare parallel (and theretore equidistant) for
their entire length on the cylinder. The other is
the fact that the parallels, which are actually
cquidistant on the sphere itself, become
progressively farther apart as latitude iiicreases.

These two elements produce the familiar
distortion which is characteristic of a Mcrcator
map of the world. On such a map the island of
Greenland, which has an darea of only about
46,740 square miles, is considerably larger in
outline thun the continental United States,
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MERIDIAN

45.422
Figure 3-1.—Mercator projection.

wlieh has an area (exddusive of Alaska) of about
2,973,776 sq miles.

Figure 3-2 shows the appearance of the
meridians and parallels, at 15-degree intervals,
on 4 Mercator projection of the world, when the
cyhnder 1s flattened out. Note that the parallels
extend only to 80 degrees N and S- because the
cylinder lias no cnds, Mervator projection of
regions n latitudes higher than about 80° 1s
impossible. Note, too, that although the distance
along 4 mendian between (for example) 15° N
and 30° N and 60° N and 75° N is the same on
the ground, these distances are very different on
Mercator projection. Still another charactenstic
to note 1s the fact that a meridian 15 perpen-
dicular to dll the parallels it intersects, and that

DO SR EEEERSRRNE
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600 rrme e e e g —~;—i~ — 1 -t~ A% - ey }4
w | Co '

as5e N — T 1

30° e
15°
°°
15°
30°
a5°

45.422(65)2
Figure 3-2.—~Meridians and parallels on a
Mercator projection.

all the meridians are parallel to each other. This
last feature means that direction on a Mercator
projection (as indicated by the N-S direction of
the meridians) is everywhere the same.

Transverse Mercator Projection

On a Mercator projection the cylinder is
placed tangent to the earth’s central parallel, the
Equator. On a TRANSVERSE Mercator projec-
tion the cylinder is rotated 90° from this
position, so as to bring it tangent to a meridian.
Figure 3-3 shows the appearance of the
meridians and parallels on a transverse Mercator
world projection when the cylinder is flattened
out. In this case the cylinder was placed tangent
to the meridian running through 0° and 180°
longitude.

You can see that distortion is, in general, less
in amount than it is in a Mercutor projection.
You can also sce that, unlike a Mercator
projection, distortion on a transverse Mercator
increases with longitude away from the meridian
of tungency, as well as with latitude. This is
indicated by the shaded areas shown in figure
3-2 These areas are the same size on the ground.
Since they lie in the same latitude, they would
have the same size on a Mercator projection. Cn
the transverse Mercator projection, however, the
area in the higher longitude is larger.

55




ENGINEERING AID 1 & C

100°
i

105
|
165
1
®
<
$91
|
081
.5t
|
!
ozt
sot
|
001
i

75 60 45 30 15 0 15 30° 45 60° 75°

82.51
Figure 3-3.—Meridians and parallels on a
transverse Mercator projection.

The important thing to note about the trans-
verse Mercator, however, is the fact that in any
given arca the distortion 1 about the same in all
directions. It 1s this fact which makes the
transverse Mercator the most feasible projection
for use with the mulitary gnd reference system
descnibed in the next section.

Actually, 1t 1s not proper to visualize Mercator
projections (Mercator or transverse Mercator) as
a direct geometrical projection because of the
distance between the pomts in the axic from
which the vanous pardllets or longitudes dare
projected. 1n o sense, the nearest geometrnical
semblance to the Mcervawor projection as shown
in figure 3-1 is still apphceable, except that the
projection is set back almost 3,4 of the diameter
{on the polar or equatorial axis). The tangent
oy linder concept 15 discussed here only to show

the nearness of this concept to the mathematical
method used in actual practice. The Mercator
projection was not derived from the projection
of the globe upon a cylinder, but it is a
modification from that idea.

A mathematical navigational devise to make
the rhumb line a right line on the chart,
preserving the seme angle of bearing with respect
to the intersected meridians as does the track of
a vessel under a true course, was developed to
plot the Mercator-projected maps. On the globe
the parallels become shorter toward the poles,
and their length is proportionate to the cosine of
latitude. In the Mercator projection the parallels
are all cqually long. This means that any parallel
is increased by —L_ or secd, where 0 is the

cosf

latitude in degrees. In order to have the same
scale along the parallels as along the meridians,
cach degree of latitude must also be increased by
the secant of the latitude. In this mathematical
transformation, the tangent cylinder concept
was not employed, nor is it ever employed, in
the Mercator projection. A Mercator projection
table is used to plot the meridional distances.
For intensive study on elements of map projec-
tion, you can refer to special publications on the
subject, published by the U.S. Coast and
Geodetic Survey'. .

Universal Transverse Mercator
Military Grid

An extensive application of the transverse
Mercator projection is in a grid reference system
for military maps called the UNIVERSAL
TRANSVERSE MERCATOR MILITARY GRID
system. In this system a reference plane grid like
those used in our State grid systems is imposed
on transverse Mercator projections of relatively
small areas. The basic arrangement of transverse
Mercator Projections for the grid system is as
follows. See figure 3-4A.

Starting at the 180th meridian and progress-
ing castward by the compass, the earth’s surface
is divided into a succession of N-S ZONES, each
extending for 6 degrees of longitude. These
zones are numbered from 1 through 60. Be-
tween latitude 80° S and 84° N, ecach zone is
divided into a succession of E-W ROWS, each
containing 8 degrees of latitude, with the
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Figure 3-4.—(A) Grid zone designations of the military grid reference system.
(B) 100,000-meter square designations in the UTM military grid system.

exception of the northernmost row, which
contains 12 degrees of latitude. Rows are
designated by the letters C through X, with the
letters I and O omitted, the lettering system
begins at the most southerly row and proceceds
N. For a particular zone-row area, the designa-
tion is first the zone number, next the row
letter, as. 16S, which means row S in zone 16.

For the Polar regions (that is, the areas above
84° N uand below 80° S) there are only two

RIC -
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zones in each areu. These lie on either side of the
0° - 180° meridian. In the North Polar region
the half of the region which contains the W
lougitudes is zone Y, that containing the E
longitudes is zone Z. No numbers are used with
these designations. Similarly, in the South Polar
region the half contairiag the W longitudes is
zone A; that containing the E longitudes zone B.

A particulur point on the carth is further
identificd in the Universal Transverse Mercator
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Military Grid System by the 100,000-METER
SQUARE it happens to lie in. Each of the 6°
longitude by 8° latitude zone-row areas in the
system i> subdivided into squares measuring
100,000 meters (about 63 miles) on a side. Each
N-S column of 100,000-meter squares s
identified by lztter as follows. Beginming at the
180th meridian and procceding castward, there
are six columns of full squares in each 6-degree
zone. Besides the full columns, there are usually
also partial columns, running along the zone
meridians. The partial columns and full columns
in the first three zones are lettered from A
through Z, again with the letters 1 and O
omitted. In the next three zones the lettering
system begins over again.

Observe, for example, figure 3-4B. This figure
shows the zone-row areas in IN, 2N, and 3N and
1P, 2P, and 3P. The zone meridians shown are
180° W, 174° W, 168° W, and 162° W,.the
zone-row parallels shown are the Equator (0°
latitude), 8°N, and 16°N. The first 100,000-
meter square column to the E of 180° is the
partial column A. Next come six full columns.
B, C,D, E, F, and G. Then comes partial column
H, to the W of the zone menidian 174°W. The
first column to the E of zone meridian 174°W is
partial column J, then come the six full
columns K, L, M, N, P, and Q, followed by
partial column R. To the E of zone meridian
168°W the first column is partial column S, then
cometche six full columns T, U, V, W, X, and Y,
and the partial column Z to the W of zone
meridian 162°W.

The E-W rows of 100,000-meter squares are
designated by the letters A through V, aguin
with 1 and O omitted. For columns in the
odd-numbered zones the first row of squares N
of the Equator has the letter designation A, for
columns in the even-numbered zones the first
row of squares N of the Equator has the letter
designation F. Rows above and below this row
= designated in due alphabetical accord. The
first row S of the Equator in the odd-numbered
zones, for example, his the letter designation V,
while the first row S of the Equator in the
cven-numbered zones hds the letter designation
E.

The complete  designation for a particular
100.000-muter square vonsists of the pumber-
Ictter zone-row designation plus the two-letter
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100,000-meter square designation. For example.
the designation INBA means the first full square
E of the 180th meridian and N of the Equator
(>quare BA) in zone-row IN, as shown in figure
3-4B.

If you know the latitude and longitude of a
pomt on the earth you can deterine tne
designation of the 100,000-meter square in
which the point lies. Take Fort Knox, Ken-
tuckhy, for example, which lies approximately
38° OO'N, longitude 86° 00'W. You will find this
latitude and longitude in figure 3-5, the point
lies in column 16, row S, and 100,000-meter
squares ES. Therefore, the 100,000-meter square
designation for Fort Knox, Kentucky, is 16SES.

The location of a particular point within a
100,000-meter square is given by naming the
grid coordinates of the 100-meter square (or, for
more precise location, of the 10-meter square) in
which the point lies. Within each zone the point
of origin for measuring these coordinates is the
point of intersection between the zone
CENTRAL MERIDIAN and the Equator. To
avoid the use of W or negative E-W coordinates,
a FALSE EASTING of 500,000 meters, instead
of a value of 0 meters, is assigned to the central
meridian. To avoid the use of S or negative N-S
coordinates, for points in the earth’s southern
hemisphere, the Equator is assigned a FALSE
NORTHING of 10,000,000 meters, and north-
ing values decrease from the Equator toward the
South Pole. For points in the northern hemi-
sphere the Equator has a coordinate value of O
meters, and northing values increase toward the
North Pole.

This procedure results in very large coordinate
values when the coordinates are referenced to
the point of origin. For example. for the bullion
depository at Fort Knox, Kentucky, the co-
ordinates of the 10-mzter square in which the
depository is located are. easting 590,990
meters, northing 4,193,150 meters. However,
since the grid zone-rcw designation pin the
coordinate down to 4 relatively small area, some
of the digits of the coordinates are often
omitted.

Consider, for cxamnple, the part of a map
shown in figure 3-6. The grid squares on this
map measure 1,000 meters on a side. Note that
the ecasting grid hines are identified by printed
coordinates in which only the principal digits are
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Chapter 3—GEODESY AND FIELD ASTRONOMY

shown. and of those oven the mitial 5 s in small
type. For 389. the value 389.000 meters is
understood, and in setting down the coordinate
for this line, ¢ven the 5 would be omitted and
only the 89 written down.

Similarly, in eapressing the grid location of a
point, some of the digits of the coordinates are
often omitted. For example. the grid location of
the bullion depository at ort Knox may be
given as 16SLS909993135. This means, zone-row
16S. 100.000-meter square LS. casting 9099,
northing 9315. Actually, the casting is 590,990
and the northing 4.193,150.

It four digits are given in a coordinate
element, the coordinates pin a point down to a
particular 10-meter square. Consider figure 3-7,
for example. FFor the point X, the two-digit
coordinites 8893 would mean that the point is
located somewhere within the 1,000-meter grid
square 8893, To pin the location down to a
particular 100-meter square within that square,
another digit would have to be added to cach

coordinate c¢lement. The X lies four-tenths of

1.000 meters between line 88 and line 89;
therefore. the easting of the 100-meter square is
884. By the same reasoning, the northing is 933.
The coordinate for the 100-meter square is
theretore 884933, To pin the point down to a
particular 10-meter squarce. another pair of digits

Cr D SGLARE
8894

— 9

RO GuasE ] 39D SSUARE GRID SQUARE

8793 e 3893 8993)

- X
93 11 ] ¥ T T 1) ¥ 1 1

56D SQUARE
8892,
88 89
45.407(65)F

Figure 3-7.—Division of a grid square.
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would be added these being determined by scale
measurement on the map. It follows from all
this that the covrdinate previously given for the
bullion depository at Fort Knox (90999315)
locates this building with reference to a particu-
lar 10-meter square,

Figures 3-8 and 3-9 show the marginal in-
formation usually given on a UTM grid military
map. Note the reference box which gives the
grid zone-row and 100.000-meter  square
designaetion. The two squares indicate that the
map covers parts of both. Note, too, that the
direction of GRID NORTH (that is, the direc-
tion of the N-S grid lines on the map) varies
from that of true N by 0° 39' E, and from
magnetic N by 1° 15" W.

CONIC PROJECTION

To grasp the concept of conic projection,
again imagine the carth as a glass sphere with a
light at the center. Instead of a paper cylinder,
imagine a paper cone, piaced over the northern
hemisphere tangent to a parallel as shown in
figure 3-10. The North Pole will be projected as
a point at the apex of the cone. The meridians
will radiate outward from the Pole as straight
lines. The parallels will appear as concentric
circles, growing progressively smaller as latitude
increuses. When the cone is cut along a meridian
and flattened out, the meridians and parailels
will appear as shown in figuie 3-11. In this case
the northern hemisphere was projected onto a
cone placed tangent to the parallel at 45° N, and
the cone was cnt along the 180th meridian.

GNOMONIC PROJECTION

To grasp the concept of gnomonic projection,
again imagine the lighted sphere—this time with
a flat-plane paper placed tangent to the North
Pole. Again the Pole will project as a point, from
which the meridians will radiate away as straight
lines; and again the parallels will appear as
concentric circler, growing progressively smaller
as latitude increascs. The difference between this
aud a conic proiection of the polar region is the
fact that in the conic projection the cone is cut
and flattened out to form the map or chart,
whereas the gnomonic projection will appear as
is. On the conic projection points lying close
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Figure 3-8.—Marginal information on a military map (1).
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together on cither side of the meridian along
which the cone is cut will be widely separated
on the map. The gnomonic projection. on tlic
other hand, will give a continuous and conti-
guous view of the area.

Figure 3-12 shows the theory of gnomonic
projection. Figure 3-13 shows the appearance of
meridians and parallels on a polar gnomonic
projection.

CONFORMALITY

According to some authoritics, to be CON-
FORMAL a projection must possess both of the
following characteristics:

O
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1. It must be a projection on which direction
is the same in all parts of the map. Obviously,
for this dircctional conformality, the mendians
(which indicate the dircetton of trie North)
must be parallel, and the paraliels (which
indicate truc E-W direction) must be .both
parallel to cach other and perpendicular to the
meridians.

2. 1t must be a projection on which the
distance scale N and S is the same as the distance
scale Eand W.

Obviously, none of the projections which we
Iave described possesses both of these charace
teristics. The only one which possesses char-
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acterictic number 1 is the Mercator. On this
projection the mnleridians are parallel, and the
parallels are parallel to each other and perpendi-
cular to the meridians. Therefore, the direction
of N or E is the same anywhere on the map.
With regard to 2, howevar, a distaace of (for
example) 15° is longer in any part of the map
N-S than a distance of 15° (even in the same
part) E-W.

As for the transverse Mercator, the conic, and
the gnomonic projections, a glance at the ap-
pearance of meridians and parallels on one of
thesc indicates, not only that direction is dif-
ferent in different parts of the map, but that
direction of (for example) N in one part of the
map may be precisely opposite to what it is in
another.

90°

8253
Figure 3-11.—Appearance of meridians and parallels
on a conic projection.

Let’s call the two types of conformality we
have mentioned DIRECTIONAL conformality
and DISTANCE conformality. Some authorities
hold that directional conformality is all that 1s
required for a conformal projection. A Mercator
projection has this type of conformality, and
this fact makes that type of projection highly
advantageous for navigational charts. A
navigator is primarily interested in determining
his ship’s geographical location, and the
principal disadvantage of Mercator projection—
the N-S as against E-W distauce distortion
(which increases widh latitude)—is negligible in
navigational practice. This statement applics
only to navigation in customary lati.udes, how-
ever, since Mercator projection of the polar
regions (above about 80° latitude) is impossible.
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45.424

Figure 3-12.—Gnomonic projection.

For surveying and other purposes in wiich
distance measurement must be consistent in any
direction, Mercator projection presents  dis-
advantages. To understand these, you have only
to reflect on the fact that no distance scale
would be consistently applied to all parts of a
Mercator  projection. which means that no
square grid system could be superimposed on a
Mercator  projection. However, the transverse
Mereator projection, as it 1s used in conjunction
with the UTM military grid, provides relatively
small-arca maps which are virtually conformal,
both direction-wise and distance-wise.

POLYCONIC PROJECTION

In POLYCONIC PROIJECTION a ncar ap-
proach to directional conformality is obtained In
relatively small-arca maps by projecting the area
in question onto more than one cone. A central
meridian on the map is straight, all the others
are very slightly curved and not quite parallel.
Similany, the parallels are shightiy curved and
not quite parallel, therefore, they arc not
precisely  perpendicular to the mendians. An
exampic of a poly conic map projection 1s shown
in figure 3-14.

65

Polyconic projection is extensively used for
the QUADRANGLE maps (familiarly called
QUAD SHEETS) of areas of the United States
published by the Geological Survey. For most of
the built-up areas of the States these maps are
available on scale 1:24, 000, showing arecas
extending for 7° 30" of latitude and longitude.
An INDEX MAP is available which gives you the
quadrangle divisions and the name of the map
which covers a particular area.

That polyconic projection is not conformal
distance-wise is indicated by the fact that one of
these quad sheets, though it shows an area which
is square on the ground, is oblong rather than
square. The vertical or latitude length of the
map is always greater than the horizontal or
longitude length. The reason is the fact that
latitude is measured along a meridian, which is
always a GREAT CIRCLE; while longitude is
measured along a parallel, and every parallel
other than the Equator is LESS than a great
circle.

An understanding of the concept of the great
circle is essential to a thorough understanding of
map and chart projection. A great circle is any
line on the earth’s surface (not necessarily a
meridian or the Equator) which lies in a plane
which passes through the earth’s center. Any
meridian lies in such a plane; so does the
Equator. But any parallel other than the
Equator lies in a plane which does not pass
through the earth’s center, therefore, no parallel
other than the Equator is a great circle.

Now, | minute of arc measured ALONG A
GREAT CIRCLE is equal to 1 nautical mile
(6076.115 ft) on the ground. But | minute of
arc measured along a small circle amounts to
LESS than 1 nautical mile on the ground.
Therefore, a minute of latitude always repre-
sents a nautical mile on the ground, the reason
being that latitude is measured along a meridian,
and every meridian is a great circle. A minute of
longitude at the Equator represents a nautical
mile on the ground, because in this case the
longitude is measured along the Equator, the
only parallel which is a great circle. But a minute
of longitude in any other latitude represents
LESS than a nautical mile on the ground, and
the higher the latitude, the greater the discrep-
ancy.
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Figure 3-13.—Meridians and parallels on a polar gnomonic projection.
LAMBERT CONFORMAL same in all directions. However, the distance
CONIC PROJECTION scale applying to the whole map is exact only at

The LAMBERT CONFORMAL COCNIC
projection attains such a near approach to both
directional and distance corformality as to
justify its being called a conformal projection. It
is conic rather than polyconic, because only a
single cone is used, as shown in figure 3-15.
Instead of being considered tangent to the
earth’s surface, however, the cone is considered
as penetrating the carth along one STANDARD
PARALLEL and emerging along another. Direc-
tion is the same at any point on the map, and
the distance scale at a particular point is the

72
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the standard parallels, as shown in figure 3-16.
Between the prarallels the scale is a little too
small; beyond them it is a little too large. The
discrepancy is small enough to be ignored in
work of ordinary precision or less. For work of
higher precision there are correction factors
which may be applied.

The Lambert conformal conic projection is
the base for the state coordinate systems devised
by the Coast and Geodctic Survey for zones of
limited north-south dimension and indefinite
cast-west dimension. For zones whose greater
dimension is N-S, the Survey uses the transverse
Mercator projection.
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45.423(82B)A
Figure 3-14.—Polyconic projection of North
America.

DIRECTION FRON ZELESTIAL
OBSERVATIONS

Occasions may occur when you must deter-
mine direction (that is. the location of true
meridian) in an area where no practically located
station monuments exist. In a wase like this, you
must rely on an observation taken on one of the
celestial bodies, suclt as the sun or a star. Before
you can understand the procedure involyed, you

ad
]
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LIMITS OF
PROJECTION

7

45.423(65)
Figure 3-15.—Lambert conformal conic projection.

must have some knowledge of different designa-
tions of time and FIELD ASTRONOMY.

SOLAR TIME

The sun is the most commonly used reference
point for reckoning time. and time reckoned by
the sun is SOLAR timc. Time reckoned in
accordance with the position of the actual,
physical sun is solar APPARENT time. When the
sun is directly over a meridian, it is noontime,
LOCAL APPARENT time, along that meridian.
At the same instant it is midnight, local apparent
time, on the meridian 180° away from that one,
on the opposite side of the earth.

The time required for a complete revolution
of the carth on its axis is a constant 24 hours
with regard to a particular pomnt on the carth,
however, this time varics slightly with regard to
the point’s position with relation to the actual
sun, Therefore, days rechoned by apparent tune
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Figure 3-16.—Scale distortion ot the Lambert conformal conic projection
with the standard parallels at 29° and 45°,

(that is, by the position of the actual sun) vary
slightly in length. To avoid this difficulty. time
is rechoned in accordance with a MEAN position
of the sun, and this is called MEAN (or CIVIL)
time. By mean time the intenval from nooun to
noon along any meridian is always the same 24
hours.

As the sun moves along its course (we know
that it’s actually the carth, not the sun, that
moves, but for purposes of cxplanation we
assume that the carth is motionless, with the
heavenly bodies moving to the westward around
it), it takes noontime with it, so to speak. To
put this another way: when the mean sunisona
particulas meridian, it is noontime along that
merid.an, but it is not yet noon at any point to
the westward and already past noon at any point
of the eastward, by local mean time.

This means that, by local mean time, the time
is different at any two points lying in different
longitude. To avoid the obvious disadvantages of
a system in which the time is different at the
opposite ends of a short street running E-W,
ZONE or STANDARD time has been established
by general agreement among the nations of the
earth.

o ]
7

ZONE TIME

Under this system the earth has been divided,
Hong meridians, into 24 time zones. The starting
point is the Greenwich meridian, lying in 0°
longitude. Every meridian E or W of Greenwich
which is numbered 15° or a multiple of 15°
(such as 30° E or W, 45° E or W, 60° E or W,
and so on) is designated as a STANDARD TIME
MERIDIAN. Each time meridian runs through
the center of its time zone, which means that
the zone extends for 7° 30 “on either side of the
meridian. In each zone the time is the same
throughout the zone.

There is one hour’s difference in time be-
tween the time in a particular zone and the time
in an adjacent zone. In this connection, remem-
ber that IT IS LATER TO THE EASTWARD. If
it is 1200 in your zone, it is 1300 in the next
zone to the E, 1100 in the next zone to the W.

ZONE TIME AND GREENWICH
MEAN TIME

The time listed 1n most of the computational
tables used n celestial observations is GREEN-
WICH MEAN TIME-meaning the zone time in
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the Greenwich standard time Zone. You must
know how to convert the zone time at which
you made a particular observation to Greenwich
mean tume. The procedure is as follows.

Each of the time Zones has a number which is
called the ZONE DESCRIPTION. The Green-
wich zone s number 0. The others are numbered
from 1 through 12. E or W of Greenwich. To
determine the zone description for any point on
the earth. you divide the longitude by 15. If the
remainder is less than 7° 30, the quotient
PLUS ONE is the zone description.

Suppose. tor example. that the longitude of

the point of observation is 142° 19°W. Divide
this by 15 and you get 9, with 7° 19 "left over.
This remamnder 1s less than 7° 30, therefore, the
zone descniption is 9. But suppose now that the
longitude 15 142° 41'W. Divide this by 15 and
you get 9. with 7° 41 " left over. This remainder
15 greater than 77 317 therefore, the zone
descriptionis 9 + 1. or 10.
Zones E of Greenwich are minus. zones W of
Greenwich are plus. To convert the zone time of
an vbservation to the corresponding Greenwich
mean time. you apply the zone description
ACCORDING TO ITS SIGN to the zone time.
For caample. suppose the longitude of your
point of observation is 75° 157 37" E. Divide
this by 15 and you get 5. with less than 7° 30°
left over. The longitude is E, therefore, the zone
description 1s - 5. Suppose the zone time of the
observation was 16h 23m 14s - Sh, or 11h 23m
14s.

Suppose now that the longitude of the point
of observation was 68° 1922 "W and the ZT of
the observation was 1Ch 15m 08s. Divide the
longitude by 15 and you get 4. with more than
7° 30" left over. The ZD is therefore + 5, and
the GMT of the observation was 10h 15m 08s +
Sh, or 15h 15m 08s.

ZONE TIME AND THE DATE

It may be the case that the date at Greenwich
and the date at the point of observation are not
the same at the time of observation. Suppose that
on 1 May you are in longitude 176° 15°22"W,
and the ZT of your observation is 16h 24m 1ls.
The ZD 1s + 12. GMT of the observation was
therefore 16h 24m 1ls + 12, or 28h 24m lls.
However, 28h 24m 1ls, I May, means 04h 24m
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ils on 2 May. and you would refer to the tables
tfor that GMT and date.

Suppose now that on 1 May you are in
longitude 47° 327 55" E and the ZT of the
observation is 02h 15m 27s. The ZD is-3. You
can’t subtract 3h from 02h 15m 27s, but 02h
i5m 27s I May can be considered as 26h 15m
27s 3¢ April. Therctore, GMT for the observa-
tion wa, 26h 15m 27s - 3h, or 23h 15m 27s, but
on date 30 April rather than 1 May.

IMPORTANCE OF EXACT TIME

The importance of recording the EXACT
TIME at which an observation is made may be
illustrated s follows. Suppose a ship’s navigator
makes an crror or only 1 minute in his time.
This could produce an error of as much as 15
miles in the location of his computed and
plotted line of position. A I-minute time error
produces a 15-minute error in longitude, regard-
less of the latitude, and on the Equator a2 minute
of longitude equals a nautical mile.

You must time the observation to the nearest
sccond, and for this purpose you must have an
accurate watch. The best arrangement is an
aceurate ordinary watch plus a stop watch. The
ordinary watch should be set to exact time
shortly before the time of observation-by time
signal, if possible. Time signals from the Naval
Observatory at Washington are sent by telegraph
throughout the country; many local radio
stations re-broadcast a signal at noon ZT, and
many telegraph stations provide time-signal
service. The signal begins »t 5 minutes before the
hour. There is a tick for every second except the
51st second of the Ist minute, the 52nd second
of the second minute. the 53rd second of the
3rd minute, the 54th second of the 4th minute,
the 29th second of each minute,the last 4 seconds
of each of the first 4 minutes, and the last 9
scconds of the last minute before the hour.
After this long pause, the hour signal is an
extra-long tick.

If a radio time signal is not available ashore,
you may be able to get an exact time sct from a
sea-going ship in the vicinity. Such a ship
maintains a running, constant correction for its
chronometer through time signal.

Just betore the observation is made, the stop
watch should be started on an even minute
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indicated by the vrdmary  watch, 1 g long
interval has elapsed since the ordinary watch was
set by time signal, another signal should be
obtained after the observation. If this signal
shows that the watch has developed i erron, the
size of the error at the time of obsenvation
should be determined (by  proportional
equdation) and applied to the obsenved time of
obscrvation.

ELEMENTS OF FIELD ASTRONOMY

Although the carth is not actually "a true
sphere. it is presumed to be sudh for the purpose
of astronomy. Astronomiv determinations are
based on the relations that exist among sets of
coordinates  the TLERRESTRIAIL SYSTEM
stated in latitude and longitude. the CELES-
TIAL SYSTIIM of right ascension and declina-
tion, or its subsidiary system of hour angle and
declination, and the HORIZON SYSTEM in
terms of altitude and azimuth.

Terrestrial Coordinates

In figure 3-17, the fundamental REFERENCE
LENES of this system are the axis of the carth’s

rotation and the carth’s equator. The ends of the
axis of rotation are known as the POLES,
designated as the north and south. A great circle
passing through both poles is called a
MERIDIAN. The EQUATOR 15 a great dircle
about the carth equidistant from the poles and
perpendicular to the axis of rotation. Through
any point removed from the equator, o cirele
whose plane is parallel to that of the Equator is
called a PARALLEL OF LATITUDE. The
numerical value of the parallels defines iatitade,
and that of the meridians defines longitude.

Note that in figure 3-18 the angle between the
normdl to the spheroid through a point and the
planc of the Lguator is the geodetic LATI-
TUDL. Latitudes are expressed in degrees from
0° to 90° north and south from the Equator.
The conventional symbol for latitude used m
computation is the Greek letter ¢ (phi).

Observe, for eaxample, in figure 3-18 that the
LONGITUDL is the angular distance measured
at the rotational axis of the earth between the
plance through a chosen meridian of reference
and the plane of the meridian through a required
point. The meridian chosen as the origin of
longitude is known as the prime meridian.
Longitude is measured in degrees from 0° to
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180° both west and cast from the prime
mendian. The conventional symbol for longi-
tude 15 the Greek letter N (LAMBDA).

Celestial Coordinates

The reterence limes of the celestial system are
the prolongation of the carth’s axis of rotation
and the plane of the Equator extended to
mtercept the celestial sphere. Assume again that
the carth 1v a glass sphere, with meridians and
parallels traced in black and o hight placed at the
center. Suppose tlhus sphere 15 placed at the
center of another infinitely larger sphere. This
one 15 the imagmary CELESTIAL SPHERE, on
which all the heavenly bodics are presumed to
be located. The celestial sphere is a mathe-
matical device. or concept, of a sphere of
infinite radius whose vcenter is at the center of
the carth. The points where the earth’ pro-
longed axis picrces the celestial sphere are
known as the celestial poles. The plane of the
earth's equator, extended to the celestial sphere,
coincides with the CELESTIAL EQUATOR.
Great circles through the celestial poles, similar
to the earth’s meridians, are called HOUR
CIRCLES. The angle between hour circles is the
HOUR ANGLE. Even though the carth rotates
and the stars appear stationary among them-
selves, it is casier to think of the earth being
stationary while the celestial sphere, with the
celestial bodies attached, rotates irom cast to
west. This is actually its apparent motion. When
refercnce is made to a star's patl or motion, it is
this apparent motion that is intended.

DECLINATION.-The declination of a
celestial body (star. sun, or planet) is its angular
distance north or south from the celestial
equator measured along the hour circle Declina-
tions arc measured in degrees from 0° to 90°
from the equator: north and south values are
given the signs, plus and minus, respectively. The
conventional symbol for declination is the Greek
letter & (Delta).

RIGHT ASCENSION.-The VERNAL
EQUINOX, also known as the FIRST POINT
OF ARIES, 1s a selected pomt on the celestial
sphere where the apparent path of the sun,

| s tleg
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LCLIPTIC, crosses the Equator from south to
nor.h. There is no physical marking of this point
visible in the sky. The vernal equinox moves
westward along the Equator about 50 seconds of
arc per year. This is known as the precession of
the cquinoxes. The right ascension is the angular
distance measured castward (opposite to the
star’s apparent motion) along the celestial
equator from the vernal equinox to the hour
circle passing through any celestial body. Right
ascension is normally expressed in units of time
from 0 to 24 hours, although it can be expressed
in degrees, one hour of time corresponding to 15
degrees. The conventional symbol for right
ascension is the Greek letter a (alpha), orit can
be abbreviated RA.

HOUR ANGLE.—Right ascension and declina-
tion are independent coordinates of the celestial
system, whereas the hour angle is a dependent
coordinate. It is the angle between celestial
meridians, or hour circles, but its origin is the
meridian which passes through the observer’s
zenith. The HOUR ANGLE is defined as the
angular distance, measured at the observer’s
position, westward along the celestial equator
from the observer's meridian passing through the
observer's zenith to the hour circle passing
through the body. This angle is often called the
LOCAL HOUR ANGLE (LHA), which will be
discussed latter.

GREENWICH HOUR ANGLE.-The co-
ordinate which corresponds to longitude is, for a
heavenly body, called GREENWICH HOUR
ANGLE (GHA). Greenwich hour angle is the
distance of the body's hour circle W of the
projected Greenwich meridian, in degrees,
mimutes, and seconds of arc, measured from the
projected Greenwich meridian along the circle of
equal declination which the body happens to be
on at the given instant. Longitude is measured E
or W from Greenwich through 180°; GHA,
however, is measured only to the W from
Greenwich, through 360°. Another point to
remember is that, while the longitude of a point
on the carth remains always the same, the GHA
of the celestial object is constantly increasing as
the body moves westward on the celestial
sphere.
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AZIMUTEH. The vertical circle through the
poles, which also passes through the zenith, is
called the OBSERVER’S MERIDIAN. The
azimuth of an object is the angle measured
clockwise in the plane of the horizon fromn the
observer’s meridian to the vertical circle passing
through the object. The northern intersection of
the meridian with the horizon is used as the zero
azimuth point. Azimuth is measured in degrees
from 0° to 360°. The conventional symbol for
azimuth is the letter A or Z.

Horizon Coordinates

In order to connect the celestial and ter-
restrial coordinates, a third system, descriptive of
the observer’s position, is necessary. The funda-
mental reference of this system is the observer's
horizon. The HORIZON s a plane through the
observer’s position perpendicular to the direc-
tion of gravity at that point and which inter-
cepts the celestial sphere in a great circle. The
direction of gravity is commonly called the
direction of the plumb line, and does not
necessarily pass through the earth’s center. The
horizon plane is considered tangent to the
surface of the earth at the observer’s position.
For star observations, the distance from this
plane to the center of the earth is too small to
affect the computations. However, observations
on the sun, planets, and some of the nearer stars,
when used in the more precise computat.ons,
must account for the displacement of the
horizon plane. This is called the correction for
PARALLAX. The point where the plumb line,
extended overhead, pierces the celestial sphere,
is known as the ZENITH. The point opposite
this and underneath is the NADIR. Great circles
drawn through the zenith and nadir (with their
planes perpendicular to that of the horizon) are
called VERTICAL CIRCLES. That vertical circle
whose plane is at right angles to the plane of the
observer’s meridian and passes through his
zenith is known as the PRIME VERTICAL.

The Astronomic Triangle

The solutions of problems involving the three
coordinate systems are made by means of
spherical trigonometry. A figure of prime impor-
tance is the spherical triangle which lies on the

celestial sphere, and whose vertices are the pole,
the zenith, and the celestial body involved. This
is known as the ASTRONOMIC or the PZS
(pole-zenith-star) triangle. The ASTRONOMIC
TRIANGLE is shown in figure 3-19. As in the
case of all spherical triangles, the sides can be
expressed as the angles subtended at the center
of the sphere. In the astronomic triangle, the
side between the pole and the zenith 1s 90° - ¢
or the co-latitude, between the pole and star is
90° - 5 or the co-declination, and between the
zenith and the star is the zenith distance (z) or
co-altitude (90° -h). The angle at the zenith is
the azimuth angle, A, of the body. The angle at
the pole is the hour angle«(t). The angle at the
star is known as the PARALLACTIC angle and
is little used in computations. If the three
elements of the astronomic triangle are known,
the others can be found by means of spherical
trigonometry. The fundamental equation is the
law of cosines, cos a = cos b cos ¢ + sin b sin ¢
cos A, in which a, b, and ¢ are the side of a
spherical triangle, and A is the angle opposite
side a (B and C are the angles opposite sides b
and ¢, respectively). All formulas required for
the solution of the astronomic triangle may be
derived from this law of cosines.

The Solar Ephemeris and
Nautical Almanac

The declination and Greenwich hour angle of
the sun and of five planets (the Moon, Venus,
Mars, Jupiter, and Saturn) are given for every
even hour of GMT for every day in the year in
the daily pages of the Solur Ephemeris or the
Nautical Almanac, publications prepared by the
Naval Observatory and available for sale at the
U. S. Government Printing Office, Washington
D.C. Suppose that you want to determine the
GHA and declination of the sun for an observa-
tion made at ZT 10h 23m 18s on 7 May 1972 in
longitude 79° 37" 12" W. The ZD is + §;
therefore, GMT of the observation was 15h 23m
18s.

Table 3-1 shows the relevant daily page of the
1972 Nautical Almanac. You can see that for
15h 00m 00s on 7 May the GHA listed for the
sun is 45° 52 .7. For the extra 23m 18s you turn
to a TABLE OF INCREMENTS AND CORREC-
TIONS in the back of the book. Table 3-2 shows
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Figure 3-19.—Terrestrial and celestial coordinate systems.

the relevant page of the table. Under 23m and
beside 18s in the “sun’ column you find an
mcrement of 5° 49°5. The GHA of the sun at
the time of observation, then, was 45° 527 +
5°49'0r51°42°. 2.

On the daily page for 7 May ¢ sle 3-1) the
Almanac gives a4 sun dedination 15h 00m
00s GMT of N 16° 57'.3. At th ot of the

column you see a small d and the figure 0.7. In
the increments and corrections table (Table 3-2)
you see a column of

[ b

v or “d” corrections for
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declination. You go down this column to the
figure 0.7, where you find that the “d” correc-
tior in this case is 0' .3. Whether you add this or
suotract it depends upon whether the sun’s
declination is increasing or decreasing with time.
A glance at the daily page shows that in this case
it is increasing, therefore, the declination of the
sun at the time of observation was N 16° 57°3 +
0°'.3,orN 16° 57'.6.

On an opposing daily page of the Nautical
Almanac the declinations of a select list of 57
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Table 3-2.—Page from Nautical Almanac. Table of Increments and Corrections
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promivent stars are given. Instead of the GHAS
of these stars, however, the SIDEREAL ANGLE
of each star is given, as shown in Table 3-3. The
sidereal angle of a star is its arc distance
westward from the hour cirde of « point on the
celestial sphere called the FIRST POINT OF
ARIES. The GHA of a star is its arc distance
westward from the hour cirdde of the first pomnt
of Aries.

For GHA of a sar you first determine GHA
of the first point . aries in the same manner
described for tI» sun. You can see Anies listed in
Tables 3-2 and 3-3. You then add this to the
SHA of the star, as given in the daily page of the
Almanac (Table 3-3). If the result is greater than
360°, you subtract 360° from it.

For declination of a star, you use the declina-
tion listed on the daily page this is good for a
star, for any time of the day.

Identifying Stars

You can learn to identity at sight a number of
uscful stars fio'n their positions in or near
well-known constellations. A few that are easy
to identify in this fashion are as follows:

POLARIS—This is the North star, which can
be located by following a line through the
POINTERS. The POINTERS are the two stars
which form the leading edge of the bucket of
the BIG DIPPER.

DUBHE is the pomter star in the Bi%G
DIPPER which is nearer to POLARIS.

ALKAID is the end star in the handle of the
BIG DIPPER.

ALIOTH is the star in the BIG DIPPER
handle which is nearest to the bucket.

ARCTURUS is a bright star near the BIG
DIPPER, found by following a line through the
DIPPER handle away from the bucket.

The following stars are in the constellation
ORION, the HUNTER:

ALNILAM is the middle star in ORION’s belt.

BETELGEUSE is the forward, brighter
shoulder of ORION.

BELLATRIX is the rear, dimmer shoulder of
ORION.
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RIGEL is the rear, brighter hnee ot ORION.
The following stars arc near ORION.

ALDEBARAN is above ORION, on a line
from the star in the forward, lower end of the
belt through BELLATRIX.

PROCYON is in front of ORION, on a line
from BELLATKIX through BETELGEUSE.

POLLUX is above PROCYON, on a line from
BELLATRIX through BETELGEUSE.

SIRIUS (brightest of all the stars) is below
ORION, on « fine from BELLATRIX through
the star in the forward, lower end of the belt.

The constellation CASSIOPEIA is shaped like
a chair with a broken back. SCHEDAR, a stur in
this constellation, is located at the back end of
the chair seat.

You will not be able to learn to recognize at
sight mere than a few of the 57 stars listed in
the Nautical Almanac, and your observation
may be taken in a latitude and/or at a time when
few or none of the stars you know by sight are
visible. For identification, at any time, of the
prominent stars visible in any latitude, the
RUDE STAR FINDER, H.O. 2102-D, is in-
valuable The star finder is available for sale at
the U. S. Navy Oceanographic Office and its
branches.

The star finder contains elements as follows:

1. A circular opaque white plastic disk,
showing a star map of prominent stars visible in
N latitudes on one side and those visible in S
latitudes on the other. The edge of the disk is
graduated on both sides from 0° througl 360°,
the O gre 'aation representing the hour circle of
the FIRSY POINT CF ARIES.

2. Transparent ciccular templates, one for
every 10° of latitude, cach having N fatitude on
one side and S latitude on the other. On cach
template there is a grid which can be read for
altitude (vertical angle above the observer’s
horizontal plane) and azimuth.

(Complete instructions for the use of the star
finder arc provided with it. The procedur~ is as
follows:

Suppose you want to know what prominent
stars will be visible in latitude about 35°N on a
certain night at a certain time, and the ap-
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Table 3-3.—Star and Planet Daily Page from the Nautical Almanac
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proxinnite altitude and azimuth of cach of them.
You first select the template which includes
latitude 35° N. and set it on the disk using the
side of the disk which shows N-latitude stars. You
then compute the LOCAL HOUR ANGLE of
the FIRST POINT OF ARIES for the time of
observation. by the procedure explained in the
next section.

Suppose that LHA ARIES comes to about
168°. You set the 0° azimuth arrow on the
template to the 168-degree graduation on the
edge of the disk. The stars which will be visibie
at the time of observation will appear under the
grid on the template. The star ARCTURUS (for
example) will appear under the grid at about the
point of interseetion between the 100-degree
azimuth line and the 48-degree altitude line.
This means that at the time of observation
ARCTURUS will be visible at azimuth 100°,
altitude 48°. 1t therefore also means that a
prominent star, visible at the time of observation
at that ‘uth and altitude. must be
ARCTURUS.

POLARIS, by the way, is not shown on the
star finder. the rcason being the fact that
POLARIS is so near the North Pole as to have its
position covered by the central axis of the disk.
Furthermore. the azimuth of POLARIS from
any point from which the star is visible is very
nearly 0°. and the altitude very nearly 90°.
Neither is POLARIS listed in the daily pages of
the Nuesied Almanac, the reason being the fact
that the extremely higlh dechnation of POLARIS
(approximately 89° 3') puts observations on
that star in a scparate category. These observa-
tions will be described later in this discussion.

e
s

Time Diagrani

Before we go into field astronomy any
further, you should learn the use of the TIME
DIAGRAM {also called the DIAGRAM ON THE
PLANE OF THE CELESTIAL EQUATOR). The
diagram consists essentially of a circte represent-
ing the celestial equator as it v »uld appear on a
plane passed through the celestial sphere
perpendiculur to the axis oi one sphere and
midway betweed  the  celestial  poles. The
observer is presumed to be looking up from 3;
thetefore, counterclockwise direction on the
time diagram is W,

3

78

The first thing you locate on the time diagram
is the celestial meridian of the point of observa-
tion that is, the terrestrial meridian of the point
of observation as that is projected on the
celestial sphere. You draw this from the circum-
ference of the time diagram to the center
(representing  the point of observation), as
shown by the line MO in figure 3-20.

45.426
Figure 3-20.—Locating projected observer’s meridian
and Greenwich meridian on time diagram—longitude W.

Next you locate the projected Greenwich
meridian on the time diagram in accordance
with the longitude of the point of observation.
Suppose this longitude is 79° 15’°05"W. In this
case you will measure 79° 15'05" to the East,
that is, ciochwise direction from MO, and draw
in the projected Greenwich meridian (GO in fig.
3-20). But if your longitude was 79° 15’05"E,
you would measuie counterclochwise from MO,
as shown in figure 3-21. You simply remember
that. if the longitude is W, Greenwich must be E
of the observer’s meridian, if the longitude is E,
Greenwich must be W of the observer’s
nendian.

The next thing you locate on the time
diagram is the hour circle of the observed body,




45.427
Figure 3-21.—Locating projected observer’s meridian
and Greenwich meridian on time diagram—longitude E.

in accordance with the GHA of the body at the
instant of observation. Suppose that for an
observation made in longitude 79° 1505 "E the
GHA of the sun was 59° 11’ 24" at the instant
of observation. GHA is measured W (counter-
clockwise on the time diagram) from Greenwich
through 360°. So you would measure off 59°
11’ 24" W (counterclockwise) from Greenwich
on the time diagra.n and draw in the sun’s hour
circle (SO in figure 3-22).

Local Hour Angle

Local Hour Angle (LHA) is expressed in
degrees of arc from 0° to 360°. Often, it is more
convenient in computations to measure the hour
angle towards the east to avoid angles over 180°.
In this case, it is called the negative hour angle.
Some texts call this negative hour angle “the
meridian angle,” although this term may be
confused with the azimuth angle.

We now come to one of the principal pur-
poses of the time diagram, which is to ensure
that you determine the vatlue of LOCAL HOUR
ANGLE correctly. Local hour angle is measured

45.428
Figure 3-22.—Locating hour circle of observed
body on time diagram.

W, through 360°, from the observer’s celestial
meridian to the observed body’s hour circle. A
glance at figure 3-22 tells you that in this case
LHA amounts to the sum of the longitude plus
GHA, or 79° 15°05" + 59° 11'24", or 138°
26" 29",

Suppose now that at the instant of observa-
tion, in the same longitude, GHA of the sun was
327° 44’ 24"*. The time diagram for this situa-
tion is shown in figure 3-23. You must study the
diagram a little to realize that in this case LHA
amounts to the longitude minus the difference
between 360° and the GHA, or 79° 15°05" -
(360° - 327° 44’ 24"), or 79° 157 05" - 32°
15" 36", or 46° 59" 29".

Anoiher way of finding the values of an hour
angle is by the following method:

(1) GHA = LHA -A W- used when longitude
AisW

(2) GHA = LHA + X E-used when
AisE

ngitude

If the total value of an hour angle is greater than
360°, subtract 360° from it and use the
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45.430
Figure 3-23.-Locating local hour angle {LHA) of
observed body on time diagram.

remainder. To dlustrate this, GHA of the sun
was 327° 44'24” and the longitude is 79°
1505 E. So you use formula (2). Transposing
to solve for LHA, you have

LHA =GHA +\E
=327°44'24" +79° 15’ 05"
=406° 59" 29"

It is over 360°, so subtract 360° from the
406° 59’ 29°" and the resulv is 46° 59 29"".

Meridian Angle

MERIDIAN ANGLE, like LHA, is measured
between the observer’s welestial meridian and the
observed body’s hour cicle. Meridian angle,
however, 1s measured E or W from the celestial
merndian to the hour uircle, through a maximum
of 180°, mnstead »f being measured alwe s to the
W, like LHA, through 360°

Polar Distance

The POLAR DISTANCE of a heavenly body
at a given instant 1s simply the complement of

80
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its declination at that instant—that is, polar
distance amounts to 90° minus the body’s
declination. The conventional symbol used to
indicate polar distance is the letter p.

Altitude and Altitude Corrections

The angle measured at the observer’s position
from the horizon to a celestial object along the
vertical circle through the object is the altitude
of the object. Altitudes are measured from 0° on
the horizon to 90° at the zenith. The com-
plement of the altitude is the zenith distance,
which is often more convenient to measure and
to use in calculations. Your horizontal plane at
the instant of observation is, of course, tangent
to the earth’s surface at the point of observa-
tion; however, the altitude value used in
computations is related to a plane parallel to this
one, but passing through the center of the earth.
The difference between the surface-plane alti-
tude value and the center-of-the-earth plane
al*itude value is the PARALLAX correction.

Because of the vast distance between the
earth and the fixed stars, the difference between
the surface-plane altitude and the center-oi-the-
earth altitude is small enough to be ignored. For
the sun and for planets, however, a correction
for parallax must be applied to the observed
altitude (symbol Hg) to get the true altitude
(Hp).

A second aititude correction is the correction
for REFRACTION, a phenomenon which causes
a slight curve in light rays traveling to the
observer from a body observed at low altitude.

A third altitude correction, applying to only
the sun and moon, is SEMIDIAMETER correc-
tion. The stars and the planets Venus, Mars,
Jupiter, and Saturn are pin-point in observable
sizc. The sun and moon, however, show sizable
disks. The true altitude of either of these is the
altitude of the center of the disk; but you
cannot line the horizontal crosshair azcurately
on the center. To get an accurate - :tting, you
must line the crosshair on either the lower edge
(called the LOWER LIMB) or the upper edge
(called the UPPER LIMB). In ecither case you
must apply a correction to get the altitude of
the center.

A combined parallax and refraction correc-
tion for the sun and planets, and a refraction
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correction for stars, keyed to observed altitudes.
is given in the two inside cover pages in the
Nautical Ahnanac. Semidiameter corrections for
the sun and moon are given in the daily pages of
the ~thnanac, 1f you observed the lower limb.
you add the semidiameter correction to the
observed altitude: if you observed the upper
limb, you subtract it. The correction appears at
the foot of the sun or moon column, beside the
letters S.D.

Zenith Distance

The ZENITH DISTANCE of an observed
body amounts, simply, to 90° minus the true
(that is, the corrected) altitude of the body. The
letter z is the conventional symbol used to
represent zenith distance.

DETERMINING LATITUDE

To determine the true azimuth of a line on
the ground from a celestial observation. you
must know the latitude of the point from which
the celestial observation is made. If you can
locate the point of observation accurately on an
accurate map (such as a C. & G.S. quad sheet).
you can determine the latitude from the
marginal latitude scale. If no such map is

available, you can determine the latitude
through a MERIDIAN OBSERVATION of a
heavenly body.
©
S
n >~
l /
LATITUDE BY MERIDIAN ALTITUDE r [ HORIZON

\J
\
OBSERVATION CASE I
In a meridian observation you determine the 82.148
altitude of the body at the iustant when it Figure 3-24.—Three possible situations in deter-
crosses your celestial meridian. At this instant, mining fatitude by meridian altitude observation.

the body will be at the maximum altitude
obscrvable from your position.

In applying a meridian altitude to get the ¢ =8+z o .
latitude, there are three possible situations, cach =8 +(96" -1y  Where: ]
illustrated in figure 3-24 and explained below. ¢ = latitude ol place
6 = declination of observed
CASE 1. When the body observed is toward body
the equator from the zenith. You can derive this h = corrected observed alti-
formula to get latitude: tude
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CASL 1. When the budy ubsenved is toward
the pole from the zenith, which is the case for
creumpolar stars. To get the latitude of the
place of observation., use these tormulas.

=95 -z
=§ -(90°-h) pr
¢ = h £ p-use this formula only for

circumpolar swar observa-
tions, where p is the polar dis-
tance (90° -8).

CASE 1. When the equator 1s between the
body observed and the zenith. Use the following
formula to get the latitude.

z-6
(90° -h)-§

2

In the above situations, always remember that
$ and & are positive when they are located at the
north of the equator and negative when south of
it.

LATITUDE BY ALTITUDE
OF SUN AT NOON

You can observe the aititude of the sun by
two methods. (1) Sct the line of sight of ths
transit in the plane of Kknown meridian and
wait for the sun to cross the line of sight, and
then take the reading of the vertical angle at this
instant, (2) Follew the sun just before it is about
to cross the approximate meridian. In either
method our main objective is to measure the
sun’s aititude accurately. Time should be known
closely, so tuat the instant of local apparent
noon can be compuied, then, you will know
exactly when you should be in the field to have
everything ready st before the instant of
observation.

If the instruinent uscd is not a transit,
equipped with solar prsin attechmnents, set the
horizontal crosshair tangent o the lower edge of
the sun’s disk. When observing for maximum
altitude, the sun 1s followed through until it no
longer nses. The moment the sun starts going
down, the vertical anrle 1s recorded and the
index error should be determined. In the firsc
method referred to ajove, the setting of the
sun’s disk is similar, :xcept that you get the

&

reading at the instant that the sun crosses your
known meridian. In either i thod, 1 or 2 above,
tite altitude obsenved in the field is corrected for
index crror, semi-diameter, parallax and re-
fraction. Index error could be climinated in the
first method by plunging the telescope and
taking another reading as fast as possible.

The declination tor the Greenwich time
corresponding to the instant of local noon is
taken from the table of the Nautical Almnanac,
the Solar Ephemeris, or The Ephemeris. The
table for May 1969, taken from The Ephemeris.,
published by Bureau of Land Management, U.S.
Department of Interior, and prepared by the
Nautical Almanac Office, U.S. Naval Observa-
tory, is shown in table 3-4. The Solar Ephemeris
is issued (on request) ecach year by major
engineering instrument makers, sich as K& E,
Gurley, and C. L. Berger & Sons.

Find the sun’s declination as follows:

1. Accepting the observation as having been
ma[dc at the meridian, the local apparent time is
i2h,

2. Add the longitude equivalent time to
obtain Greenwich apparent time (GAT).

3. Subtract tiie Equation of Time from GAT
to obtain GCT {Greeawich civil time). (Eq.T =
App. T - Mean T). The Equation of Time is given
in the Solar Ephemeris or Nautical Almanac for
the iastant of ON (midnight) daily at Greenwich
for the whole year.

4. Correct the apparent declination for the
date for the elapsed GCT from oh.

5. In cas: the local standard tiine of the
observation is recorded, the GCT is found at
once by simply adding the time zone difference.
Then, after all the nccessary corrections are
made, just substil -te the values to one of the
farmulas enumerated above. analyzing carefully,
to sece which case it fits in.

EXAMPLE: Suppose now that on May 28,
19¢9 in the northern hemisphere, you obtained
a corrected meridian altitude (h) of the sun of
67° 37'06" at longitude 86° 08'W. The sun
bears south of the observer. Now the computa-
tion to get the corrected declination will appear
as follows:
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Table 3-4.—-Solar Ephemeris for May 1969

FOLARIS FOR 1ItE M RIDEAN

AP GREEASICNU AFPARENT NOON OF GREENRICH OV DALE
AND R AN IR
UIE SUAS Fame b quatien
Seris of Lune
dirme subitrast Uipee Cul - Hongation Dee s -
Date \jpurent it Seaa = eter from. min lion bat. 0 nation
Decinatien fos 1 Jiam - Pass- —\m.—
lur cter R Appuarent
er Tire
UYAY, 1969
Thar. 1| N15 06 308 | +35.29] 1553.78} %6 256471 11240 v, . 5280 aum. 22,70
kn. 2] 1524 303| 44.66] 155354] 66 30361 11200 5241 2238
Sat. 3] 1542146 44.02} 155331} 66 310221 1116l 5 20.2 22,09
Sun. 4] 15594341 43371 15 53.07] 66 316271 11122 5 163 2132
Mo, 5| 16 16 563§ 42.71] 155284} 66 32L75] 11083 5 123 2159
Tuea. 6} 1633533 4203 155261 66 32665 11044 5 084 2136
Red. 71 1650338| 4134} 155238| 67 33077, 11004 5 04.5 2114
Fhur 8] 17 0657.7| 4064] 15 52.15] 67 334711 10565 5 00.6 2091
Feo 9y 1723 0‘1.5 3992 155192] 67 33786 | 10526 4 56.6 20.66
at. 101 1738 539] 39.19] 155169] 67 34042 | 10487 4527 2039
Sun. 11 17 54 258 | 3845} 155147] 67 342381 10447 4 48.8 2010
Moa. 12 18 09 39.7{ 37.70] 155126] 67 34375} 10408 4449 19.80
Turs. 13| 1824352} 3693} 15 51.05f 67 34453 | 10369 4 409 1950
sed.  14] 1839123] 3615] 155084} 67 34474 | 1033.0 4370 19.20
Ther. 15| 1853 305} 3536 155063} 67 34436 | 10290 4331 1891
br. 16| N19 07294 [ +3a55| 155043] 67 | 34342 102510 \m. | Ek 4292 am | 1883
LI §
+89 07
e 5 n ” r N s m s h m h m ”»
Fei 16| N1907 294| +3455] 155043 67 343421 10251 . | b 4292 A 18.63
Sat. 17 1921 000 33.74} 155024} 67 34190 1027¢ 4 253 1838
w! s 18 19 34 208| 3291} 155005 67 323983 | 1017} 4214 18.15
31 \an, 19 1947286] 32.07| 154986] 67 337.22| 10134 4174 2793
QL] Tuee. 20 26 00 082} 31.22{ 1549.68] 68 334.06 | 10095 4135 17.72
s Red. 21 20 12 27.2] 3036| 1549.50| 68 33038} 10055 4 09.6 17.52
<] Fhar. 22 2024 254} 29.49| 154933] 68 32618¢ 10 0L6 4 05.7 1732
| Ee 23 2036 02.6] 2861| 1549.16| 68 32247 9 57.7 4 0L8 17.11
W Sat. 24 20 37 1851 27.71; 154899 68 3 16.26 9538 3578 1689
1| S 25 2058 129| 26811 154882 68 3 10.56 9499 3 539 16.66
\lon, 26 2108456 75901 154867} 68 3 0439 G 46.0 3 500 1642
L Turs. 27 2118 5631 24.98) 154852f 68 251,76 9420 3461 1617
L Q. 28 21 28 44.8| 24.06; 15 46.3¢] 68 2 5067 9 38,1 3422 1592
Tha 29 2138 1L1} 23.13] 154821} 68 24314 9 34,2 3383 15,58
Fri. 20 2147 149] 2219} 1548.06f 68 2 35.18 9303 5344 1546
et 31} N2155 560) +21,24] 154792] 68 2 20.79 9264 \m ti. 3304 15,28
|
The wen ¢ peefaned o1 the bonrh change of declination indicates that | ::::‘:;‘ I declimauons ore | :,::’:;:‘::,;
The wgn = pefined to the hourh change of dechination indicates that | :::l: { dechinations are , :’:?::‘:,::,i.
For tre of Rentern Flangition «f Polans for anv date ofter Apnl 2Tat. add P 55,57 1o the nme of Lpper
* Culrimatior o the <eme date .
82.149
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120

Local Apparent Time
shgqm3os

Longitude Equivalent Time +(+)

17h4qm32s
211578

Greenwich Apparent Time

Equation of Time ()
1714 1m35s
(=17.7M

+ 21°28'44".8

Greenwich Civil Time (GCT)

Declination at Ol
(table 3-4)
Correction for clapsed .
time (577.4x17.7)
T 24

7 06"

NOTE: 577.4 = Diff. for 1 hr. (table 3-4) x

12 hr.

Corrected declination 21°35°50".0

From the above compultation, you sce that
the declination is positive, so it is a N declina-
tion. Then the transit was pointed S. so thisis a
case where thie body observed was between the
zenith and the equator. This is then. a Case |
situation, where the latitude equals declination
plus zenith distance (90° - 67° 37° 06" or 22°
2254"). Therefore. the latitude is equal to 21°
35'50.8+ 22° 22" 54" or 43° 58' 44" 8.

TRUE AZIMUTH FROM CELESTIAL
OBSERVATION

Figure 3-25 illustrates the procedure that is
followed in determining the true azimuth of a
line on the ground from a celestial observation.
The true azimuth of the line AB is desired. The
transit is set up at A and trained on B, the
horizontal limb is then set at O and the lower
motion is loched The telescope is then trained
on S, a heavenly body. The altitude of S, and
the I. izontal angle SAB, are read at a carefully
timed instant. Actually,” several readings are
taken, direct and reversed, and the averages of
the horizontal and vertical angles are used,
wogether with the average of the time of observa-
tion, as explained later.

From the body’s correcte 1 altitude, its decli-
naton, and the latitude of w.e point of vbserva-
tion, the body’s true azimuth from the point of
observation at the instant of observation can be

Q

&
o)

84

——- 539274

45.432
Figure 3-25.—True azimuth of a line from
celestial observation.

computed. In this case the true azimuth was
116° 17°.2. The true azimuth of the line AB,
then, is obviously 116°17°.2453°27°4, or
169°44".6. If it is a bearing that is desired, you
know that an azimuth of 169° 44'.6 means a
bearing of S 10° 15".4 E.

All that remains for you to learn about this
operation is the commonly used methods of
computing the azimuth of a heavenly body from
its corrected altitude, its declination, and the
latitude of the point of observation. First, how-
ever, something should be said about semidi-
ameter correction as it is applied to the hori-
zontal angle observation. You remember that
you line ihe horizontal crosshair up with the
sun’s upper or lower limb, and apply semidi-
ameter correction to get the altitude of the
center. Similarly, you line the vertical crosshair
up with the left or right edge of the disk in the
type of observation now being described, and
this means that you must apply the sam semi-
diameter correction to the horizontal angie
(SAB in fig. 3-25). The direction in which you
apply it depends on which edge of the disk you
line up with the vertical crosshair. In figure 3-25
you wan s¢ that if the right edge of the disk was
used, semidiameter correction would be added,
if the left edge were used, it would be sub-
tracted.
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AZIMUTH OF BODY OTHER
TIHHAN POLARIS

To compute the azimuth of & body other

than POLARIS. you apply the following
formula:
sin §
cosZ= -tan¢ tanh
cos ¢ cos h

The symbol § in this formula means decling-
tion; ¢ means latitude of the puint of observa-
tion: and h means the corrected altitude. Z
stands for AZIMUTH ANGLE, and it is im-
portant to remember that the numerical value of
this angle is not necessarily the same as that of
the azimuth itself. To determine the value of the
azimuth, measure off the azimuth angle (Z)
cither E or W of either N or S according to the
following rules:

1. If the value of cos Z is positive, Z is meas-
tired from N; if the value of cos Z is negative, Z
is measured from S.

2. If the observed body was E of the ob-
server’s meridian, Z is measured to the E; if the
observed body was W of the observer’s meridian,
Z is measured to the W,

Suppose that cos Z worked out to be
-0.867476 (which means an azimuth angle of
29° 50') for a sun shot made at ZT 10h 12m
06s. Cos Z is negative, therefore, the angle is
measured from S. The shot was made in the
morning, so the sun was E sf the observer’s
meridian, and the angle i> measured to the E.
Therefore, the bearing of the sun was S 29° 50’
E, and the azimuth was 150° 10'.

Suppose now that for a sun shot taken at ZT
ISh 12m 18s cos Z worked out to be +
0.863249, which means an azimuth angle of 30°
19'. Cos Z is positive; therefore, the angle is
measured from N. The shot was made in the
afternoon; therefore, the sun was W of the ob-
server’s meridian, and the angle is measured to
the W. The bearing of the sun at thec time of
observation was therefore N 30° 19’ W, and the
azimuth was 329° 41"

Suppose now that for an observation of the
sun, made at ZT 10h 15m 12s on 25 May 1962

in latitude 38° 50" 24" W, the average corrected

altitude of the sun was 60° 20’ 24”. The ZD is +

S; therefore, GCT at the time of observation was

15h 15m 12s. The sun’s declination for this GCT

was (from the Nuutical Almanac) N 20° 56' 12",
For the azimuth angle the formula is:

sin 6
cosZ=— -tan ¢ tan h

cos ¢ cos h

A table of natural functions shows that the
required functions are as follows.

sin§ = sin 20° 56’ 12" = 0.357335
cos ¢ = cos 38° 50" 24" = 0.778901
cosh = cos 60° 20’ 24" = 0.494852
tan ¢ = tan 38° 50’ 24" = 0.805i170
tan h = tan 60° 20’ 24" = 1.756034

Substituting these values in the formmla. we
have:

0.357335
= -(0. 1.
cos Z {0.778901X0.494852) (0.805170)%1.756034)
= 0357335 | 413906
0.385441

=0.927080 - 1.413906
=-0.466826

This cosine means an azimuth angle of 60°
54’ 56". Cos Z is negative, therefore, the angle is
measured from S. The sun was E of the merid-
ian, therefore, the angle is measured to the E.
The bearing of the sun at the time of observa-
tion was therefore S 60° 54’ 56" E, the azimuth
was 119° 05’ 04".

For a planet or a star other than POLARIS,
the method would be the same.

AZIMUTH OF POLARIS

POLARIS is not listed in the daily pages of
the Nautical Almanac. However, most of the
prominent manufacturers of surveying instru-

ments provide, free of charge, handbooks
{usually called EPHEMERIS or SOLAR
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EPHEMERIS) containing tables which give the
GHA and the polar distance (90° - declination)
of POLARIS. Knowing the GHA of POLARIS,
you can compute the meridian angle (t). and
knowmg the meridian angle. the polar distance,
and the corrected altitude, you can compute the
azimuth angle from the following formuia:

sin t
Z= p
cos h

Z is again the azimuth angle; for POLARIS it
is always mecasured from N. If the LHA of
POLARIS at the time of observation was from
0° to 180°. you measure Z to the W;if the LHA
was from 180° 0 360°. you measure it to the E.
As for the other sy mbols in the formula, t means
meridian angle. h means corrected altitude, and
p means polar distance.

Suppose now that in latitude 38° 50" 24" N,
longitude 77° 06’ 42" W, at ZT 20h 16m 09s, on
28 Muay 1962, the average corrected altitude for
POLARIS was 37° 59" 36". The ZD is +5; there-
forc. GMT for the observation was 01h 16m 09s,
29 May.

Tables in the Keuffel & Esser publication
Sular Lplic.neris, 1962, give the following in-
formation. Table 1 gives the GHA of POL..RIS
for Oh Om Os GMT, 29 May, as 216° 54’. Table 5
gives the amount to be added to this for Th 16m
09s. which is 19° §'.4. LHA POLARIS is the
GHA minus the longitude W, or 235° 59’ 4 -
77° 06'.7. or 158° 52".7. which is W 158° 52’
42", Table 3 in the K & E Epirameris gives polar
distances for POLARIS. Interpolating tor 29
May. the pelar distance comes to 54'.97.

The formula for the azimuth angle is s
follows:
sin t
Z=—— p
ccs h

A table of natural functions gives the relevant
functions as follows:

=sin 158° 52" 42" =0.360350
=co< 37° 59’ 36" = 0.788082

Sint
Cosh

The polar distance (p) is 0° 54°.97. Substitut-
ing these values in the formula, we have:

32

8¢

7 = 0.360350
0.788082

_ 19.808439
0.788082

54'.97

=2.5134=0° 25’ 08"

LHA is between 0° and 180°; so Z is meas-
ured to the W. Therefore, the beatng of
POLARIS at the time of observation was N 0°
25'08" W, the azimuth was 359° 34’ 527,

FIELD NOTES FOR CELESTIAL
OBSERVATION

Figure 3-26 shows field notes for the observa-
tion on POLARIS described in th: preceding
section. It is assumed that this observation was
made to determine the true bearing of the line
AB shown in the sketch.

On the data side you see that four observa-
tions were made, two direct and two reversed, at
intervals of from about 2 to about 4 minutes.
The A. vernier was set at 0 and a backsight was
tahen on B using the lower motion. The lower
motion was then clamped, and the four observa-
tions of POLARIS were made without using the
lower motion—-.hat is, without resetting the
vernier at 0 for cachi observation. For the direct
observations the horizontal angle was read on
the A vernier. For the reversed observations the
A vernier was again read, but this time with
180° added tec the reading, and 360° subtracted
from a reading larger than 360°. Note that ihe
horizontal angle was increasing slightly with
time, while the altitude did not change percep-
tibly during the obcorvation period. The average
observed altitude was 38° 00'48"; the correction
was - 0°01'12"; therefore, the corrected average
altitude was 37°59'3¢".

The time to the nearest second and the hori-
zontal angle to the nearest 0'.10 (06”) were
recorded for each observation. The average angle
and average time were then worked out as
shown. The rest of the data page shows the
computational steps involved in determining the
azimuth of POLARIS at the average time of
observation, and in dete-mining the azimuth and
bearing of AB from the azimuth and horizontal
angle of POLARIS.
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Figure 3-26.—Field notes for celestial observation.
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CHAPTER 4
TRIANGULATION

In triangulation sunveys, the duties of the
EAT or LAC arc those of party chief, that s, he
directs the trangulation survey. e keeps the
tnangulation notes and should be at the spot
where any impottant measurement is made, so
that he can venify the readings personally. He is
rosponstble for sclecting triangulation stations
«nd crecting triangulation signals and towers. He
determines the degree of preesion to be
dattwned. lle also performs the computations
necessary to deternmune horizontal louations of
the points ia the triangulation sy stem, oy bear-
ing and distance.

Triangulation s used extensively das o means
of control for topographic and similar surveys. A
triangulation system consists of ¢ series of trian-
gles. at least one side of cach triangle is dalso a
s,de of an adjacent triangle, two sides of a tri-
angle may form sides of adjacent triangles. By
usig the tnangulation method of control, the
length of every lme need not be measured.
However, two hines are measured in edach system,
one line at the beginning and one at the closing
o the trangulation system. These lines are
called base lines and are used as o chedk against
the computed lengths of the other lines in the
system. The recommended length of a base line
1s usually one-siath to one-fourth of that of the
stdes of the prineipal triangles. The transconti-
nental system established by the U.S. Coast and
Geodetic Survey is an example of extensive high
order truangulation network to establish vontrol
across the United States.

Tlus chapter contains nformation on the
three ty pes of triangulation systems. We will also
cover priniary dand sceonddary triangulation sta-
tions and types of signuls which are used in
marking triangulation stations. The usual
procedure for conducting « triangulation survey
Is dalso discussed. Fmally, information is pro-
vided on cheching for preusion and locatons of
points.
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In addition to triungulation, another principal
method of locdting points in horizontal control
is by traversing. Information on the traverse
method is given in chapter 5 of this text. At this
point, however, note that in traverse the dis-
tance and the angle are measured at each station,
while in triangulation the distance is measured
only at the beginning, at specified intervals, and
the end of & survey. The triangulation method
and the traverse method of control are based on
the character of the terrain and not on the
degree of precision to be attained. That ig, each
system is equally precise under the conditions
that each is employed. Discussion of triungula-
tion in this chapter normally is limited to tri-
angles having sides less than 3,000 yards in
length, and to triangulation nets that do not
extend more than 25,000 yards.

The triangulation method is used principally
in situations where the chaining of distances is
impossible or infeasible, except with the use of
electronic measuring devices. Suppose you want
to locite a point. say point C, which is offshore
and the base line, AB, is located on the shore. In
this situation the triangulation method is used
because the chaining of distances is impossible.
The chaining of long distances, especially in
rough country, also is not possible; therefore,
triangulation is used to establish horizontal con-
trol in large-area surveys.

In some large-arca surveys conducted by tri-
angulation, it will be necessary to consider
factors involving the curvature of the earth;
hence, in such cases, GEODETIC triangulation
will be involved. Whether or not the curvature of
the earth must be considered depends upon the
arca covered and the precision requirements of
the survey. The error resulting in horizontal
ineasurements from ignoring the curvature of
the earth amounts to about 1 foot in 34 1/2
miles. This means that in most ordinary survey-
i1g an area of 100 squarc niiles may be plane-
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triangulated without significant error. i this
discussion we are concerned with plane trian-
gulation only.

TYPES OF TRIANGULATION SYSTEMS

In tnuangulation there are three types of tri-
angulation systems. chuin of single triangles,
chain of polygons, and chain of quadrilaterals.
Each of these systems is discussed in this
chapter.

CHAIN OF SINGLE TRIANGLES

The simplest type of triangulation system is
the CHAIN OF SINGLE TRIANGLES shown in
figure 4-1. Suppose AB to be the base line, and
that it measures 780.00 ft. in length. Suppcse,
also, that angle A (that is, the observed angle
BAC) measures 98°54', and that angle ABC
measures 32°42'. (In actual practice you will
use more precise values than these; we are using
rough values to simplify the explanation.) Sub-
tracting the sum of these two angles from 180°,
we get 48° 24’ for angle ACB.

By the iaw of sines, BC = AB sin A/sin C, or
780.00 sin 98°54'/sin 48°24', or 780.00
(0.987960)/0.747798, or 1030.50 ft. By the
same law, AC = AB sin B/sin C, or 780.00 sin
32°42' /sin 48°24’, or 780.00 (0.540240),/0.747798,
or 563.50 ft.

Now that you know how to find the length of
BC, you can proceed in the same manner to

780.00"

determine the lengths of BD and CD. Kuowing
the length of CD, you can proceed in the same
manner to determine the lengths of CE and DE;
knowing the length of DE, you can determine
the lengths of DF and EF; and so on. This
method should be used only when locating
inaceessible points, not when a side of the
triangle is to be used to extend control.

In compudrison with the other two systems
about to be described, the chain of single tri-
angles has two disadvantages. In the first place,
it can be used to cover only a relatively narrow
area. In the second place, it provides no means
for cross-checking computed distances by com-
putations made by a different route. In figure
4-1, for example, the only way to compute the
length of BC is by solving the triangle ABC, the
only way to compute the length of CD is by
solving the triangle BCD .(using the length of BC
previously computed), and so on. In the systems
about to be described, a distance may be com-
puted by solving more than one series of tri-
angles.

CHAIN OF POLYGONS

Technically speaking, of cource, a triangle is a
polygen, and therefore a chain of single triangles
could be called a chain of polygons. However, in
reference to triangulation figures, the term
CHAIN OF POLYGONS means a system in
which a number of adjacent triangles are com-
bined to form a polygon as shown in figure 4-2.

82.9

Figure 4-1.—Chain of single triangles.
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82.10

Figure 4-2.—Chain of polygons.

Within each polygon the common vertex of the
triangles which compose 1t is an observed trian-
gulation station (which is not the case in the
chain of quadnlaterals described later).

You can see how the length of any line shown
can be computed by two different routes.
Assume that AB is the base line, and consider
the length of line EF. You can compute this
length by solving triangles. ADB, ADC, CDE,
and EDF, in that order, or by solving triangles
ADB, BDF, and FDE, in that order. You can
also see that this system can be used to cover a
wide territory, extending up to approximeotely
25,000 yards in length or breadth.

CHAIN OF QUADRILATERALS

A quadrilateial, too, is technically a polygon,
and a chain of quadrilaterals would be 1echni-
cally a chain of polygons. However, with
reference to triangulation figures a chain of
quadrilaterals means a figure arrangement like
that shown in figure 4-3. Within each of the
quadrilaterals shown, the triangles on which
computations arc based are not the four adja-
cent triangles visible to the eye, but four over-
lapping triangles, each of which has as sides two
sides of the quadrilateral and one diagonal of the

quadrilateral. For example. in quadrilateral
ACDB there are fou; overlapping triangles, as
follows:" ADC, ADB, ABC, and BCD. You can
see that solving these four triangles will give you
two computations for the length of each un-
known side of the quadrilateral.

Take, for example, the quadrilateral ACDB.
We'll call the angle BAC, the whole angle at a
commer by the letter (as, angle A), and a less-
than-whole angle at a corner by the number
shown (as, angle 1). The angle.. 2t each station
on the quadrilateral, as measured with a protrac-
tor to the n..rest 0.5 degree and estimated to
the nearest 0.1 degree, are sized as follows:

Angle { ° Size ' Angle | ° Size '
1 79 06 5 53 30
2 29 00 6 40 24
3 34 06 7 22 42
4 63 24 8 37 48

The angles which make up each of the four
overlapping triangles, together with their natural
sines, are as follows:

90
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82.11

Figure 4-3.—Chain of quadrilaterals.

2/sin C. or 832.59(0.484810)/0.991445. or

'I'riun“:’.l-‘:“lr .t\nt_;l‘::_l Size Sine .
. . 407.13 ft.
) A ! 108 06 0.950516 In triangle BCD we have BD = BC sin 4/sin D.
ABC 3"——3 34‘ 06 05606?;‘)- or 1051.16 sin 4iSil] D. or 1051.16
; S . 37 48 0.612907 (0.894154)/0.997684, or 942.08 ft. For CD we
! ! — have CD = BC sin 7/sin D. or 1051.16 sin 7/sin
] B ! 60 30 0.870356 D < ~0c ; =
: . ; . ; 684, .59
ADB 79 06 6981959 L- or 1051.16(0.3859006)/0.997684. or 406.3
6 40 24 0.648120 Summarizing the solutions. we have:
; C 97 30 0.991445
ADC {7 72 29 00 | 0.484810  Triangle Side Length
‘ 5 53 30 0.803857 SSRGS U .
D | 93 54 ! 0997684 ABC L AC . 077.80
BCD 4 | 6324 | 0894154 BC 1051.16
7 22 42 0.385900 BD 939.35
o ADB | AD 832.59
Note that the total sum of the angles is 360°. T T AT 675.06
which it should be for a quadrilateral, and that ADC ég 407‘ 13
the sum of the angles in each triangle is 180°, ,,'
which is also geometrically correct. We’ll solve BCD BD 94"'98
cach of the overlapping triangles by the law of Cb 406.59

sines. beginning with triangle ABC. Solving for
AC. we have AC = 620.00 sin 8/sin 3, or
620.00(0.612907)/0.560639, or 677.80 ft. Solv-
ing for BC, we have BC = 620.00 sin A/fsin 3, or
620.00(0.950516)/0.560639, or 1051.16 ft.

In triangle ABD, solving for BD, we

sve BD = 620.00 sin 1/sin 6, or
620.00(0.981959)/0.648120, or 939.35 ft. For
AD we have AD = 620.00 sin B/sin 6, or
620.00(0.870356)/0.648120, or 832.59 ft.

In triangle ADC we have AC = AD sin
S'sin C, or 83259 sin S5/sin C, or
832.59(0.803857)/0.991445, or 675.06 ft. For
CD we have CD = AD sin 2/sin C, or 832.59 sin
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As you can see, for each of the unknown sides
of the quadrilateral (AC, CD, and BD). values
have been obtained by two different routes. You
can also sec -that there are discrepancics in the
values, almost the same for AC and BD and
smaller for CD. All the discrepancies shown are
much larger than would be tolerable in actual
practice, they reflect the high imprecision of the
original protractor measurement of the angles.
The example has been given here only to illus-
trate the basic principles and procedures of
chain-of-quadrilateral triangulation. Later in this
chapter you will see how observed angles
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(measured in the field with the required preci-
sion) are adjusted to ensure that values com-
puted by different routes will be practically
close erough to cach otlier to satisty precision
requirements.

TRIANGULATION STATIONS
AND SIGNALS

All triangulation stations of third order or
higher must be identitied on the ground with a
station marker, at least two reference markers.
and if necessary an azimuth marker. These
markers are usually embedded in or etched on a
standard station monument. Station markers,
monuments, and station referencing are dis-
cussed in Enginecering lid 3&2. For low order
surveys, unless otherwise required, the stations
may be marked with 2-inch by 2-inch wooden
hubs.

A PRIMARY trangulation station is both a
sighted station and an instrument -station that
is, it is a point sighted from other stations. and
also a point where an instrument is set up for
sighting other stations. A SECONDARY tri-
angulation station is one which is sighted from
primary stations, but not itself used as an instru-
ment station. Only the primary stations are used
to extend the system of figures.

Each triangulation station must be marked in
a way which will make it visible from other sta-
tions from which it is sighted. A mark of this
kind is called a triangulation SIGNAL. For a
secondary station, the signal may be relatively
simple, such as a pole set in the ground or in a
pile of rocks, or a polc set on the ground and

. hield erect by guys. An object already in place,
such as a flag pole, a church spire, or a telegraph
pole, will serve the purpose. When the instru-
ment itself must be elevated for visibility, a
TOWER is used.

TARGETS

A target is generally considered to be a non-
illuminating signal. Target requirements can be
met by three gencral types, tripods, bipods, and
pole, all of which may incorporate variations.
The targets are constructed of wood or metal
frameworks with cloth covers.

Size of Targets

To make a target easily visible against both
light and dark bachgrounds. it should be con-
structed in alternating belts of red and white or
red and yellow. For ready bisection, it should be
as narrow as possible without sacrificing distinct-
ness. A target which subtends an angle ot 4 to 6
seconds of arc will fulfill this purpose. Since 1
sccond of arc cquuals 0.5 centimeter at a
Kilometer distance, an angle of 6 scconds
requires o target 3 centimeters wide at that
distance, or 30 centimeters at 10 Kilometers.
Under adverse lighting conditions, the target
width will have tc be increased. Flags of an
appropriate size may be added to aid in finding
the target. All cloth used on targets should be
slashed after construction to nunimize wind
resistance.

Tripod Target

The tripod type target is the most satistactory
from the standpoint of stability, simplicity of
construction, durability, and accuracy. It ranges
from a simple hood of cloth, cut and sewn into a
pyramid shape and slipped over the instrument
tripod, to the permanent tripod with the legs
cmbedded in concrete, sides braced. a vertical
pole emplaced, and the upper part boarded up
and painted. Temporary tripod targets may be
constructed of 2-inch by 2-inch lumber, pipe,
poles, or bamboo jomed at one end by wire or
bolts threaded through drilied holes. The tripod
must be well guyed and plumbed (fig. 4-4) end
the legs should be set in depressions to prevent
lateral movement. On uneven ground one leg
may have to be shortened or dug in to maintain
a symmetrical appearance from all directions.
Signal cloth wrapped around the tripod should
be used only on lower order (4th order) work, as
it is almost impossible to make it symmetrical
around the station.

Bipod Target

Bipod targets are more simply constructed
than tripods, but are less stable and must be
strongly guyed. Figure 4-5 shows a standard
surveying bipod target. It is carried disassembled
in a canvas case about 53 inches long. It can be
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IMPROVISED /2
TRIPOD
SIGNALS

'/ -~ .!
\‘) w/ .-;,,‘, =
b/
GUYING METHODS (USE ANY TWO) @
SIGNAL WITH
RED & WHITE CLOTH
45.61(82C)
Figure 4-4.—Tripod targats.
assembled, erected, and plumbed by two men in soft ground the pointed legs will sink unevenly
15 minutes. If this tarset must be left standing because of wind action and rain, and should be
in the weather for any extended period, the rope set in holes bored in the end of wooden stakes
guys should oe replaced with wire and two more driven flush or in a short piece of 2-inch by

wire guys added at each end of the crossbar. In 4-inch lumber laid flat in a shallow hole.
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82.222
Figure 4-5.—Bipod target.

Pole Targets

Pole targets (fig. 4-6) are seldom used because
the station cannot be occupied while the target
is in place In certain cases, as when o picture
point is to be intersected or an unoccupied sta-
tion must be used and cutting of lines of sight is
difficult or impossible, a pole target which can
be seen above the medium size trees may be
erected. The staff may be constructed of 2-inch
by 2-inch lumber or cut poles, varying from
about 2 inches to 6 inches in diameter. The
method of joining sections of 2-inch by 2-inch
lumber and the construction of a panel target
are shown in figure 4-6. The targets must be
plumbed by manipulation of the guy wires.
Special care must be taken when warped or
crooked boards are used to construct pole
targets and they must be checked for cccen-
tricity.

Centering and Plumbing Targets

When setting a target, whether lights. cloth, or
wood. it is very important that it be plumbed
exactly over the station. A target is said to be
eceentric when its center is not in the vertical
line passing through the point to which the
observations are referred. The proper correction
can always be made for cccentricity if the
distance and direction to the truc station are
recorded. The observer can make an estimate of
the error introduced by eceentricity by remeni-
buring the approximation “a second is a foot at
40 miles” (actually 39.065 miles), or that an
inch represents about 3-1/4 seconds at a distance
of I mile. Always check a target or signal that
has been obseived, for eccentricity. Any eccen-
tricity found must be recorded in such a manner
that the computer can be certain of the facts
when correcting the observations.

Locating of Targets

The locating of targets by observers is some-
times a. difficult and tedious task, dependent
upon the type of terrain and feliage in the area.
In jungle type arcas where the targets are not
profiled or silliouetted, they are very difficult to
locate without direct sunlight shining on them.
To expedite the location of targets it sometimes
becomes necessary to use a method of illumi-
nating the target arca. Four of the generally
accepted methods are: the lighting of highway
type flares, the use of a handheld flashing
mirror, if available a strobe flashing unit, or the
use of colored smoke grenades during daylight
hours. Onee the arca of the target is located, 1t
becomes a simple task to find the exact location
of the target. The use of iridescent Jloth on the
target in place of regular signat cloth is recom-
mended, especially in jungle ty pe areas.

Phase

When observations are made on targets in the
daylight, errors in the horizontal angle measure-
ments due to unequal lighting of a target are
referred to as phase (fig. 4-7). When one side is
brightly illuminated by the sun and the other
side is in shadows, the observer tends to favor
the sunlit side. Sometimes, with a skylined white
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Figure 4-6.—Pole targets.

target, the reverse i true, and the dark side is
favored. In effect, it is an eceentricity which
could be corrected for if 1ts exact amount were
known. The difficulty lies in the inability of the
observer to measure its amount aceurately, for it
depends upon factors which change rapidly. The
angle of the sun with the line of sight, the opac-
ity of the signal, the shape of the object sighted
upon, and the intensity of the sunlight, will cach
have its effect’ on the appearance of the signal.
Trigonometric formulas for the correction of
phase have appeared in some textbooks. These
are based upon the direction of the sun and are
not usually practicable to apply because of tlie
other factors that enter into phase. The apparent

ERIC

IToxt Provided by ERI

95

1041

penumbra zone lying between the surface having
full illumination and that having no direct sun-
light upon it will vary in width with the inten-
sity of the light. The formul.. would also apply
onrly to ylindrical or spherical objects, whereas
many observations are made upon square
targets. A target made of signal Jdoth will show a
different phase from one made of lumber of the
same shape and dimensions. For these redsons,
the best rule, when the outhne of a signal can be
seen, is for the observer to make a close exami-
nation of the signul through the telescope and
decide upon what part of the illuminated surface
it 1> necessary to observe in order to eliminate
errors due to phasc. However, 1t 1s usually best
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EFFECT OF SHADOW ON
OBSERVATIONS.

A. LINE TO CENTER OF
TARGET.

B. OBSERVED LINE TO
VISIBLE PORTION
OF TARGET.

= .- ————————

82.224
Figure 4-7.—Phase.

to delay observations until poor conditions
improve or no longer exist.

SIGNALS

Signals are those survey targets that either are
illuminated by natural sunlight or are electrically
lighted by use of wet or dry cell batteries. The
observations for all first and second order trian-
gulation and first order traverse are usually done
at night using signal lights, because of more
stable atmospheric conditions, which allow for
better pointings. Observations may be made
duriag daylight hours using lights, but for high
accuracy surveys this is done only under ex-
treine conditions.

Signal Lights

The most commonly used signal light has a
5-inch reflector. A group of 5-inch signal lights is
used as illustrated in figure 4-8 for lines of sigiit
in excess of 8 kilometers, but by masking the
face of the lights they can be used for shorter
lines of sight.

The exact horizontal and vertical POINTING
of the light is very important. If the light is not
pointed exactly toward the instrument, only a
portion of the reflector will be observed und this
portion will not, in some cases, be plumb over
the station mark. The instrumentman must
check the pointing prior to starting the observa-
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82.225
Figure 4-8.—Stacking of 5-inch lights.

tions, by viewing the light through the telescope.
During hazy weather and especially on long
sights, the view through the telescope may
appear as a bright spot surrcunded by a flare,
The nstrumentman should request the light-
keeper to swing the light slightly in a horizontal
and vertical are while it 15 being viewed through
the instruinent until the best pointing can be
determined. The best pointing will be when the
light is brightest. The light is then stoppad and
locked into position. The bottom light must be
pointed first when lights are stacked as shown in
figure 4-8. The light van be adjusted for bright-
ness by adding or removing batteries. The light
should never be turned to reduce iw brilitance as
this wii! create an eccentric light.
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The light can be MASKED tu weduce the size
and biilliance by covenug ait equal portion on
both sides of the glass face. When masking a
light, opposite sides of thie glass must be mashed
cqually to climinate cocentricity, that is, not
being in the same vertival line with the station
which it represents. One method of mashig a
light is shown in figure 4+-9. This ty pe of masking
is very good for distances between 6 to 10
kilometers on pormal night . A sheet of orange
scribe paper is required, but any other wlor
would work almost s well, When wsing the
ofdnge paper ds o« mashing matenal, the light will
present an orange glow with o brilliant white
cross for pointing on by the observer. At maxi-
num ranges the orange glow is practically invisi-
ble through the telescope and at minimum
ranges the glow will help in identification of the
light.

82.226

Figure 4-3.—Masking of signal light.

The light is FOCUSED by means of a serew at
the rear of the bulb solket. By turning this
screw, the position of the bulb is changed in
relationship to the reflector. If the light is not
properly focused, it will appear as a fuzzy ball in
the telescope. The light may be focused at night
by shining it on a flat surfuce about 50 meters
away, and adjusting until the beam is slightly
larger than the light. When no distant object is
availabie, a field expedient is to hold your hand

ERIC
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about 6 inches in front of the light and adjust
until a durh spot the size of 4 quarter appears m
the center of the beam.

The BRILLIANCE of the light is determined
by the type of bulb and the amount of
voltuge being used. The light 1s 1ssued wath two
different bulbs, the standard 3.7-volt and a
6.0-volt bulb. The amount of voltage needed will
vary with the lighting requirements. The various
battery arrangements are shown in figure 4-10.
If dry cell batteries are not available or too
weak, o ficld eapedient is to connect two lights
with 6-volt bulbs in series and then connect to a
12+volt wet cell battery. Never apply more
voltage to the bulbs than their rated value.

When lights to several observers from the
samne  station are needed, the lights are
STACKED, generally on a range pole tripod as
shown in figure 4-8. If lights are stacked over a
station, they must be leveled and plumbed over
the station mark. The first (lowest) light inust be
leveled and plummbed, then the other lights are
attached and individually checked for level.

Target Set

The target set is a precise survey lighting
device generally used for short traverse lines.
The target set assembly {fig. 4-11) consists of a
lower and upper group. The lower group is a
tribrach with a three screw leveling head, circu-
lar bubble, and optical plumbing device; the
upper group contains a plate with three tri-
angles, a long level vial and a lighting attach-
ment.

In traversing where continual backsights and
foresights are needed, and where distances are
not excessive, the target sets can be used in a
leapfrog technique. The actual distance the
target set can be seen depends on weather con-
ditions.

Extreme care must be taken in the pointing of
this device. The hghting attachment must be
pointed directly at the observer in order to
ehminate the appearance of uneven lighting of
the target’s triangles. A disadvantage of the
target set 1s that only one at a time may be set at
a station.
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(® SFRIES-PARALLEL CONNECTION.

OUTPUT 3 VOLTS, 72 AMPERES.

SERIES~PARALLEL CONNECTION.
OUTPUT 4!/ VOLTS, 72 AMPERES.

OUTPUTS ARE BASED ON THE ASSUMPTION OF DRY CELLS WITH
AN AVERAGE OF 1¥2 VOLTS AND 24 AMPERES EACH.

82.227

Figure 4-10.—Battery wiring diagram for signal lights.

Heliotropes

The heliotrcpe is o deviee which reflects the
sun’s rays through a4 pdair of mirrors set over a
point and toward an observer on anotlier
station.

The heliotrope vonsists of a flat tise to whidh
are attached two plane mirrors and o pair of
sights (fig. 4-12). The base may be mounted on
theodolite or range pole tripod and plumbed
directly over a point. One mirror is fixed to the
base, though it may be rotated and tilted, and
directs the reflected rays of the sun threugh the
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sights to the observing instrument. If the sun is
in the direction of the observer, the fixed mirror
is all that is needed. The sccond mirror is on a
movable arm for use when the sun is shining
toward the observer. It serves to direct the hght
into the fixed mirror, and henee to the observer.
No provision is made for adjusting the pointing
m a vertical plane, but flat wood chips or folded
vardboard shims between the base and the
tripod head will solve this problem. The main
point to remember is that all fittings must be
tight, as any play or looseness will cause trouble.
Whichever mirror 1s receiving the direot rays of
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82.228

Figure 4-11.—Target set.

e sun MUST BE CONSTANTLY ATTENDED
and moved with the movement of the sun. The
sun mirror should be just tight enough so that
light taps with the fingernail or a pencil will
maintain the correct angle. The TWO SIGHTS
ARE SELDOM ALIGNED perfectly with the
light apertures. and tests shiould be made prior
to use so that the proper allowances can be
made.

The heliotrope’s use 1s limited by, first, ne-
cessity for sunlight. second, difficulty to use it as
a target winle making simultancous observation
from the same ground station, and  third,
difficulty of limmg m without radiv communi-
cations. The second difficulty can be solved by
placing the heliotrope to one side of the station
and making careful measurements of its eccen-
tricity. It can also be used in this position for
smultaneous vertical  angle  measurements by
measuning the difference of clevation from the
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true station. The third difficulty is not often
present as most parties are equipped with radios,
but faulty pointing technique can cause much
fumbling. After communicaions and identifi-
cations have been established, the observer, with
his eye at the telescope and radio in hand. gives
a running strezam of one-way directions to the
heliotrope attendant until the observer has a
steady light in his telescope. At that time, the
heliotrope attendant needs only to note the
position of the sun’s image on the sights and
periodically adjust the sun mirror. Many sur-
veyors tend to shy away from using the helio-
trope because they have not been able to get
good results due to faulty pointing techniques.
There are times when use of this instrument is
the only way to solve a line of sight problem.
The intense rays of the reflected sunlight are
visible through hazy or smoky atmosphere when
no other signals can be detected.

Expedient Lights

There are many types of expedient lights or
signals that can be used when standard equip-
ment is nonavailable or inoperative. No attempt
will be made here to list or fllustrate all the
different types of expedient lights or signals that
are or can be used. These include the headlights
of vehicles, a masked lantern, or a boxed light
bulb. The survey party chief must use his own
experience and ingenuity to determine the
proper expedient for the particular conditions
and/or problems.

Light Keeping

When doing triangulation, it occasionally
becomes necessary to have a station occupied by
only lights and this necessitates the use of a
lightkeeper. The dutics of the lightkeeper are to
correctly and accurately point all lights and/or
heliotropes being observed and to maintain their
operation. When occupying a station with a heli-
otrope, he must continually readjust the mirrors
to maintain a steady light.

TOWERS

It becomes necessary to build towers on some
stations in order to raise the lines of sight to
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clear obstructions, or to lengthen the lines of
sight to increase distances between stations of
area suiveys. A tower consists of an instruiment
stand (inner structure) and a platform to
support the observer (outer structure). Towers
fall roughly into three classes. Prefabricated
aluminum or steel, wooden, and expedient
towers. The towers are usually constructed by a
separate crew whose size depends upon the type
of tower being built. The expedient tower is
usually a tower or high structure that is already
in the area.

Wooden Towers
The wooden towers are usually built on the

station site using lumber or natural forest mate-
dals. It is not consider.d practical to build
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icirope.

wooden towers higher than 25 feet, except in
extreme cases.

When building lumber towers, one side is cut
and fastened or. the ground. This is used as a
pattern for the otuer sides. The inner tower is
always a tripod, but the outer tower may have
four sides. The legs on the instrument stand
must be leveled at the point where they receive
the cross and d.agonai bracing. All diagonal
bracing must be cut so the ends butt firmly
dagainst the edges of the crossmembers (fig.
4-13); the lowest bracing must be as near to the
ends of the legs as possible without touching the
ground, to reduce the unbraced length. A hole
should be dug for each leg and clean dirt replac-
ed, tamping until it is very firm. The tops of the
legs are sawed off even with the upper edge of
the top crossmember or collar, and a facing of
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ment, the construction party should be

equipped with bolts, nuts, large washers, and a

/ﬁ :];\ brace and bit, because nails are sometimes

’_ | unsatisfactory, especially when the wood has

| A ] been freshly cut. Two types of natural wood
towers are: pole towers and tree towers,

/[L_ l_ The POLE tower is built in the same manner

DI’ as the lumber tower, except that freshly cut

trees are used in place of the standard fumber
(fig. 4-14). Usually this type of tower is built
using nuts, bolts, and washers in place of nails.
7 However, fairly satisfactory results can be ob-

tained by notching the members at each joint,

tacking with a large nail or spike, and lashing
tightly with steel wire or natural vines

A Eé ! A TREE tower is sometimes used in a dense

jungle, where high stands of timber are pre-
valent. The tower consists of a large tree, topped
the required height above the ground. This is

OUTER TOWER INNER TOWER

§2.230
Figure 4-13.—~Wooden tower framing details.

l-inch board is nailed firmly to the legs and
collar, cutting off the projecting corners.

The instrument stand is not guyed during
obscrvations. but it may be weighted with rocks
or other weights to increase stability. 1t may be
guyed when not in use to prevent damage from
high winds. Care should be taken when guying
the instrument stand so as not {o pull it off
plumb.

The outer tower must be strong enough to be
safe and must not touch the inner fripod at any
point. It should be provided with a hand railing
in any case, as the observer often loses his sense
of balance momentarily when he takes his eyes
away from the telescope. The observer’s tower is
usually construeted with four legs and is guyed
at all corners.

Natural Material Towers

When working in an area where there is an
abundance of trees, such as jungles and tropical
islands, it is sometimes more feasible to build
towers at the station site using the natural 82.231
material. When working in this type of environ- Figure 4-14.—Pole tower.
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used as the mstrument stand, and a scaffold is
constructed around the tree to be used as the
observing platforsi. The scaffold should be con-
structed in the same manner as the outer tower
of a pole tower. The height of this type should
be limited to less than 60 feet.

Expedient Tower

The expedient tower is usualiy a high struc-
ture that is already in the area. The fire lookouts
in forests, lighthouses along scacoasts, and
cornices of tall buildings or water towers in or
near cities and towns are some examples of the
expedient tower. When using this type of tower,
care must be exercised to keep the instrument
level and plumb over the exact point at all times.
These towers are generally used as cceentric sta-
tions or points; therefore, care must be taken in
the measurements of all directions and distances
to the true stations.

Aluminum and Steel Towers

When heights of greater than 25 feet are
needed the aluminum or steel tower is usually
used. The standard height of this type of tower
is 103 feet, but intermediate heights of 37, 50,
64, 77, and 90 feet can be obtained by omitting
lower sections (fig. 4-15). lHeights of greater
than 103 feet can be reached by adding supple-
mentary sections. The light stand on top of the
outer tower is 10 feet higher than the instru-
ment stand. Duec to greater stability the steel
tower is preferred over the aluminum tower.

A construction party of five men, consisting
of a crew leader and four riggers, is needed to
erect this type of tower.

Plumbing Towers

Towers may be plumbed with a4 1l-second
theodolite, or a 32-ounce plumb bob if the wind
does not interfere. An accessory Kit is available
for the l-second theodolite containing 4 right
angle cyepiece that can be used for accurately
plumbing towers. The methods used with the
l-second theodolite, with or without the right
angle eyepiece and d:pending upon whether the
stations are being established or recovered, are as
follows:
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Figure 4-15.—Aluminum or steel tower.

RECOVERED STATIONS.-Stations that
have been reeovered from previous surveys re-
quire that the tower be erected and then plumb-
ed over the station mark. When erecting the
tower over a station, there are certain proce-
dures that must be followed in the placing of the
tower footings. These prucedures are found in
the tower erection manual for the particular
tower that is to be erected. Theie are many ways
of plumbing 4 tower over a station mark, but the
following two methods are the generally ac-
cepted methods.

THEODOLITE WITH RIGHT \NGLE EYE-
PIECE. When using the theodolite, plumb and
level the instrument over the station mark on its
own tripod, then attach the right angle eyepiece
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and point the telescope straight up. Setthe hori-
zontal plates at approximately 0° and the verti-
cal circle on exactly 0°. Tape a piece of card-
board flat to the underside of the tower instru-
ment stand. Level the vertical circle bubble and
have ap assistant on the tower mark the center
of the reticle (crosshairs) on the cardboard. Turn
the strument 180° m azimuth. relevel circle
bubble. and mark a second pomt. Connect the
two pomts with a straight line. Repeat this pro-
cedure with a honzontal reading of 90° and
270°. Connect these two points with a straight
line. The intersection of these straight lines on
the cardboard will be the desired center point.
Without disturbmg the cardboard, attach and
center the instrument base plate over the center
point on the cardboard. To determine the exact
center of the base plate. place three strings along
the base plate grooves and cither glue or wax
(sealmg type) them m place, then extend them
over the opening of the base plate and glue or
wax the other ends to the plate. The junction of
these three strings 1s the center of the base plate.
After the base plate is centered over the point
on the cardboard, Jdamp the plate securely to
the tower instrument stand. If observations are
conducted over a4 period of days the position of
the base plate must be cheched occasionally to
assure that no change 1 the position has oc-
curred.

THEODOLITE WITHOUT A RIGHT ANGLE
EYEPIECE. When the building party is without
a nght angle cyepiece, a method commonly
known as the <90° method™ is used to plumb
the tower over the existing station mark. This
method 15 not as convenient or as easily accom-
phshed as with the eyepiece, but with proper
care and careful measurements the tower can be
plumbed to within the accuracy requirements.
Set a theodolite up at a distance away from the
tower, where both the underside of the instru-
ment stand and the station mark can be seen.
Tape a piece of cardboard to the underside of
the tower instrument stand. Make a pointing on
thie center of the station mark. To make this
pointing hold a sharp pencil or similar object in
the center of the station mark, and point on the
lowest visible part of the object. Then point the
telescope up to the cardboard and make two
marks on the cardboard, coinciding with the ver-
tical crosshairs of the instrument, one on the
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near side toward the instrument and one on the
far side. Reverse the telescope, rotate the instru-
ment 180° around its vertical axis, make a new
pointing on the station mark. and again point
the telescope up to the cardboard. If the vertical
crosshair does not coincide with the two marks
on the cardboard, two new marks are made to
define the second sighting. Then draw a line at
the mean position of the two lines. Do not dis-
turb the cardboard. Move the instrument to a
point about 90° around the tower and repeat
the above procedure. The intersection of the
two mean positions of the sighting will be the
center point. Attach the base plate to the tower
instrument stand as in the preceding procedure
using the right angle eyepiece.

ESTABLISHING STATIONS. -When stations
are to be established and the station mark is to
be constructed by the construction party, it is
easier and more convenient to build the tower
and then plumb the station mark under the
tower. The following two methods will plumb
tl. station mark within the required accuracy.

THEODOLITE WITH RIGHT ANGLE EYE-
PIECE. After the tower has beer constructed,
the theodolite is set up under the tower at the
approximate center between the three legs of
the tower instrument stand. Level the instru-
ment and attach the right angle eyepiece. Set the
horizontal plates at approximately 0° and the
vertical circle at exactly 0°. Level the vertical
circle bubble and sight through the telescope. If
the line of sight passes through the opening in
the tower instrument stand, the theodolite is
positioned right, but if the line of sight misses
the opening, reposition the theodolite and
repeat until the line of sight does pass through
the opening. After the theodolite is in the right
position, tape a piece of cardboard to the under-
side of the tower instrument stand, determine
the center point, and attach the base plate as in
the procedure for recovered stations. After the
base plate has been attached, plumb the station
mark under the instrument tripod using cither
the optical plumb or a plumb bob hung from the
instrument center. After the station mark is set,
a check must be made to determine if the mark
and base plate are still in line. Periodic checks
must be made to assure that the tower remains
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plumb over the station mark if observations take
place over a period of days.

THEODOLITE WITHOUT A RIGHT ANGLE
EYEPIECE. The procedure for this method is
exactly the same as in the procedure for recov-
ered stations using a theodolite without a right
angle eyepiece, except that a board is placed on
the ground in the approximate positivn where
the station mark is to be constructed. The base
plate is first attached to the tower instrument
stand and its center is transferred to the board.
After a center point has been established on the
board, a plumbing bench is constructed and the
center point is marked on the bench. The monu-
ment is constructed and the station mark is
plumbed under the center point on the bench as
shown in figure 4-16.

MONUMENT

! A\ —
18 RS v i! ‘.
1 1) 1 7 '

=1
PLUMBING BENCH

L;

MARK ON BOARD

22233
Figure 4-16.—Top view of a monument and piumbing
bench.

Instrumont Stands

When observations of second order or higher
are required, it is desirable that wooden or alu-
minum instrument stands or concrete piers be
used instead of the issued tripods. The stands
are usually 4-foot tripods.

WGODEN STANDS.-The stand is con-
structed with commercial lumber, two-by-fours
are used for the legs and one-by-fours for the
crossmembers and diagonals (fig. 4-17). It is
advantageous to make up a pattern and cut the
lumber to size in the base camp and assemble at
the station sites.

Holes should be dug for the legs of the stand
whenever possible. The tops of these holes are
left open to avoid transmitting surface disturb-
ances to the stand. The stand must be secured in

148"
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Figure 4-17.—Wooden instrument stand.

place by weighing it down with large rocks or
sandbags.

Footboards or a platform for the observer
should be placed around the stand. This should
be supported as far away as practicable from the
legs of the instrument stand.

ALUMINUM STAND.—The aluminum stand
is constructed in much the same manner as the
wooden stand, using portions of a salvaged alu-
minum tower for the legs and crossmembers and
turnbuckles for the diagonals. Care must be
taken when tightening the turnbuckles to ensure
that they are all uniformly tight to prevent
straining or warping the stand. The head of this
type of stand can be constructed of wood or any
other type of material that will dampen vibra-
tion. This type of stand is portable and durable,
and can be used many times without excessive
maintenance in damp and rainy parts of the
world. A platform for the observer must be built
around the stand in the same manner as for the
wooden stand.

PIERS. -In special geodetic surveys, it some-
times becomes necessary to construct a concrete
pier to be used as an instrument stand. The
dimensions of this type of stand will vary with
the type of survey being accomplished. When
observing for high order astronomic latitude and
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longitude a pier is required. The dimensions of
an astronomic pier are usually, 18 inches square,
extendmg 3 feet above the ground and 3 feet
below the ground. Under no arcumstances are
any metal reinforung rods used n these con-
orete piers. A platform inust be built wround the
prer as ¢ walhway i the same manner as for the
wooden stand.

TRIANGULATION PROCEDURE

A triangulation survey usually involves the
following steps:

1. Reconnaissance, meaning the selection of
most feasible points for stations.

Signal erection on these points.
Measurement of angles.

Determination of direction (or azimuth).
Base line measurenicnt.

Computations.

el
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RECONNAISSANCE

The first consideration with regard to the
selection of stations 1s, of course, INTERVISI-
BILITY. An observation between two stations
wliich are not mtervisible is impossible. Next
comes ACCESSIBILITY. Obviously again, a
station which is inaccessible cannot be occupied,
and between two stations otherwise equally fea-
sible, the one which provides the easier access is
preferable.

The next consideration mvolves STRENGTH
OF FIGURE. In triangulation, the distances
computed (that is. the lengths of triangle sides)
are computed by way of the law of sines. The
more nearly equal the angles of a triangle are,
the less will be the ratio of error in the sine
computations. The ideal triangle, then, would be
one in which each of the three angles measured
60°; this triangle would, of course, be both equi-
angular and equilateral.

Values computed from the sines of angles
near 0° or 180° are subject to large iatios of
error. As a general rule, stations should be
selected whichi will provide triangles in which no
angle 1s smaller than 30° or larger than 150°.
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SIGNAL ERECTION

After the stations have been selected, the tri-
angulation signals or triangulation towers should
be erected. When you erect triangulation
towers/signals, the most important thing is that
thiese stations be intervisible. It is also important
that the target be large cnough to be seen at a
distance: that is, the color of the target must be
selected for good visibility against the back-
ground where it will be viewed. When observa-
tions are made during daylight hours with the
sun shining, a heliotrope is a very effective
target. When trianguiation surveys are made at
night, lights must be used for targets. Therefore,
target sets with built-in illummations are very
effective. Information on types of signals and
towers was presented earlier in this chapter.

MEASUREMENT OF ANGLES

The precision with which angles in the system
are measured will depend on the order of preci-
sion prescribed for the survey. The precision of a
triangulation system may be classified according
to (1) the average error of closure of the tri-
angles in the system, and (2) the ratio of error
between the measured length of a base line and
its length as computed through the system from
an adjacent base line. Large Government triangu-
lation surveys are classified in precision cate-
gories as follows:

Order of Triangle Av. Base Line
Precision Closure Ratio
(Seconds)
First | !
25,000
1
Second 3 m‘
o - 1
Third 5 5,000

For third-order precision, angles measured
with a 1l-minute transit will be measured with
sufficient precision if they are repeated 6 times.
As explained in Engineering Aid 3 & 2, 6 repeti-
tions with a 1-minute transit measures angles to
the nearest 05 seconds. To ensure elimination of
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certain possible instrumcutal errors, half of the
repetitions should be made with telescope erect
and half with telescope reversed. In cach case,
the horizon should be Jlosed around the station.

DETERMINATION OF DIRECTION

As you learned from chapter 3, most astro-
nomical observations are made to determine the
truc meridian from whicli all azimuths are
referred. In first order triangulation systems,
these observaiions are used to determine latitude
and longitude. Once the true meridian is estab-
lished the azimuths of all other sides are com-
puted from the true meridian.

To compute the coordinates of triangulation
stations you must determine the latitudes and
departures of the lines between stations, and to
do this ycua must determine the directions of
these lines The latitude of a traverse line means
the length of the line as projected on the N-S
meridian running through the point of origin.
Whereas. the departure of the traverse line
means the length of the line as projected on the
E-W parallel running through the point of origin.
Latitudes and departures will be discussed in
detail in chapter 5.

BASE LINE MEASUREMENT

The accuracy of all directions and distances in
a system depends directly upon the accuracy
with which the length of the base line is
measured. Therefore, base line measurement is
vitally importani. A transitman is required to
give precise alignment while measuring a base
line. For third-order triangulation measurement
with the steel tape, it is required to incorporate
all the tape corrections described in Engineering
A:d 3 & 2. For measurement over rough terrain,
end supports for the tape must be provided, by
posts driven in the ground or by portable tri-
pods. These supports are usually called CHAIN-
ING BUCKS. The slope between bucks is deter-
mined by measuring the difference in elevation
between the tops of the bucks with a level and
rod.

On the top of each buck a sheet of copper or
zinc is tacked down, which provides a surface on
which tape lengths can be marked. Bucks are set
up along the base line at intervals of one tape

length. The tape, with thermometers fastened at
each end, is stretched between the supoorts, and
brought tc standard tension by tensionometer
(spring balance). When the proper tension is
indicated, the position of the forward end is
marked on the metal strip with a marking awl or
other needle-pointed marker. At the same time,
the th rmometer readings are taken.

If oiakes, driven at tape-length intervals, are
used as tape supporters, it may be the case that,
after a few tape intervals have been laid off, the
end of the tape will begin to lie slightly off the
metal marking strip on the buck. To take care of
this situatior, the head chainman carries a finely
divided (to 0.001 ft.) pocket scale. With this
scale he measures the distance which the tape
must be SET BACK or SET FORWARD to bring
the end again on the marking strip. The set back
or set forward is entered in the notes, and
deducted from or added to the tape length for
that particular interval.

Figure 4-18 shows field notes for a base line
measurement. In this case the tape was sup-
ported on stakes, driven at full-tape 100-ft.
intervals. With the exception of the interval
between stake 5 and stake 6, the horizontal dis-
tance between each adjacent pair of stakes will
amount to the standard tape length (with the
tape supported at both ends, and with standard
tension applied) as corrected for temperature
and for slope. For the interval between stake S
and stake 6 {where there is, as you can see, a
forward set), the horizontal distance will
amount to the standard tape length plus 0.104
ft., as corrected for temperature and for slope.
The length of the base line will, of course,
amount to the sum of the horizontal distances.

Note that .in this case the line is being
measured forward. After the forward measure-
ment, thie line is again measured in the backward
direction. If the backward .neasurement varies
to « small extent from the forward measure-
ment, the average is taken as the length of the
base line. A large discrepancy would, of course,
indicate a mistake in one measurement or the
other.

COMPUTATIONS

In triangulation of ordinary precision or
higher, the observed angles are ADJUSTED
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Figure 4-18.—Field notes for base line measurement.

before the lengths of the trigugle sides are com-
puted. There dare two steps in angle adjustment,
called STATION adjustment and FIGURE
adjustment. Station adjustment applies the fact
that the sum of the angles around a point is
360°. Figure adjustment applics the fact that the
sum of the interior angles of a polygon is
(n - 2)180°, n representing the number of sides
of the polygon.

Adjusting a Chain of Triangles

In station adjustment you compute the sum
of the measured angles around each station,
determine the extent to which it differs from
360°, and distribute this difference over the
angles around the station according to the
number of angles.
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Figure 4-19 shows a chain of triangles. Station
adjustment for this chain of triangles is given in
table 4-1.

At station A, as you can see, the sum of the
observed interior angles 3, 5, and 8, plus the
obscrved exterior closing angle 12, came to 360°
00’ 25". This differed from 360° by 25". The
number of angles around the station was 4;
therefore, the correction for each angle was
one-fourth of 25, or 6 seconds, with 1 second
left over. The sum of the observed angles was in
excess of 360°; therefore, 6 seconds was sub-
tracted from the observed value of each interior
angle, and 7 seconds from the observed value of
the exterior angle. The angles around the other
stations were similarly adjusted, as shown.

The next step is the figure adjustment for
each of the triangles in the chain. For a triangle,




ENGINEERING AID 1 & C

1

E
13

82.14

Figure 4-19.—Chain of triangles.

the suri of the interior angles is 180°. The ..gure
adjustment for each of the three triangles illus-
trated in figure 4-19 is shown in table 4-2.

As you can see, the sum of the three observed
interior angles in triangle ABC (angles 1, 2, and
3) came to 179° 59°40". This is 20 seconds less
than 180°, or 20/3, or 6 seconds for each angle,
with 2 seconds over. Therefore, 6 seconds was
added to the station adjusted value of angle 1
and 7 seconds each to the measured values of
angles 2 and 3. The angles in the other two tri-
angles were similarly adjusted.

Adjusting a Chain of Quadrilaterals

The station adjustment for a chain of quadri-
laterals is the same as that for a chain of triangles.
The next step is a figure adjustment like that for
a chain of triangles, with the exception, of
course, of the fact that the sum of the interior
angles of a quadrilateral is (4 - 2) 180°, or 360°

Next, for a quadrilateral, comes another
figure adjustment, based on the four overlapping
triangles within the quadrilateral. To understand
this figure adjustment, study the quadrilateral
shown in figure 4-20. The diagonals in this
quadrilateral intersect to form vertically oppo-
site angles 9-10 and 11-12. From your knowl-

O
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Figure 4-20.—Quadrilateral.

edge of geometry, you know that when two straight
lines intersect, the vertically opposite angles thus
formed are equal. From the fact that the sum of

144
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Table 4-1.—Station Adjustment For Chain of Triangles, Figure 4-19

Station Angle Observed Value Value adjusted for
(6 repetitions) station
3 41 02 02 41 01 56
5 61 10 41 61 10 35
A 8 56 08 48 56 08 42
12 201 38 54 201 38 47
Sum 360 00 25 360 00 00
2 92 417 30 92 47 34
B 11 267 12 21 267 12 26
Sum 359 59 51 360 00 00
1 46 10 12 46 10 10
C 4 75 31 02 75 31 00
10 238 18 52 238 18 50
Sum 360 00 06 360 00 00
6 43 18 19 43 18 20
D 7 74 43 03 74 43 05
14 241 58 33 241 58 35
Sum 359 59 55 360 00 00
9 49 07 58 49 07 58
E 13 310 52 01 310 52 02
Sum 359 59 59 360 00 00
82.131
Table 4-2.—Figure Adjustment Fot Chain of Triangles, Figure 4-19
. Value after Value after
Triangle Angle Station Adjustment Figure Adjustment
1 46 10 10 46 10 16
ABC 2 92 47 34 92 47 41
3 41 01 56 41 02 03
Sum 179 59 40 180 00 00
4 75 31 00 75 31 02
ACD 5 61 10 35 61 10 37
6 43 18 20 43 18 21
Sum 179 59 55 180 00 00
7 74 43 05 74 43 10
ADE 8 56 08 42 56 08 47
9 49 07 58 49 08 03
Sum 179 59 45 180 00 1Y)
82.132
109
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the angles in any triangle is 180°, it follows that,
for any pair of vertically opposite angles in
figure 4-20 the sums of the other two angles in
each of the corresponding triangles must be
equal.

For example. In figure 4-20, angles 11 and 12
are equal vertically opposite angles. Angle 11 lies
in a triangle in which the other two angles are
angles 1 and 8; angle 12 lies in a triangle in
which the other two angles are angles 4 and S. It
follows, then, that the sum of angle 1 plus angle
8 must equal the sum of angle 5 plus angle 4. By
similar reasoning, the sum of angle 2 plus angle 3
must equal the sum of angle 6 plus angle 7.

Suppose now, that the values of angles 2, 3, 6,
and 7, after adjustment for the sum of interior
angles, are as follows:

from which the sides are eliminated and only the
sines of the angles remain. This equation is
derived as follows:

Suppose that in figure 4-20, AB is the basec
line and the length of CD is to be computed. By
the law of sines:

AD _ AB . - sin 3

sn3 sing AD=AB sin 8
By the same law:

CD _ AD . - sin 1

sin 1 _sin6°°CD—ADsin6

Substituting the value of AD, we have:

Angle Value after
First Figure Adjustinent
2 23 44 37
3 42 19 08
Sum 66 03 45
6 39 37 47
7 26 25 50
Sum 66 03 37

The difference between the two sums is 8
seconds. This means that, to make the sums
equal, 4 seconds should be subtracted from the
2-3 sum and added to the 6-7 sum. To subtract 4
seconds from the 2-3 sum, you subtract 2
seconds from each angle; to add 4 seconds to the
6-7 sum, you add 2 seconds to each angle.

The final step in quadrilateral adjustment is
related to the fact that you can compute the
length of a side in a quadrilateral by more than
one route. The final step in adjustment is to
ensure that, for a given side, you will get the
same result, to the desired number of significant
figures, regardless of the route your computa-
tions take.

This final adjustment is called the LOG-SINE
adjustment, because it employs the logarithmic
sines of the angles. The method is based on the
use of SIDE EQUATIONS to derive an equation

N = sin 3 .sin 1
Ch = AB sin 8 . sin 6

Again by the law of sines we have:

CD _ BC . _ sin 4

sind sin 7" CD = BC sin 7
By the same law:

BC _ AB . - sin 2

sin 2~ sin 5”BC AB sin 5

Substituting this value for BC, we have:

_ sin 2 sin 4
CD = AB G 5 sin 7
We now have two values for CD, as follows:

_ sin 1 sin 3
CD = AB sin 6 sin 8

_ sin 2 sin 4
CD = AB sin 5 sin 7
It follows that;

sin 2 sin 4
sin 5 sin 7

sin I sin 3 -
sin 6 sin 8

Cancelling out AB, we have:

sin I sin 3 — sin 2 sin 4
sin 6sin 8 sin 5sin 7
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By the law of pruportions, this can be expressed
as:

sin 1 sin 3 sin 5 sin 7 _ |
sin 2 sin 4 sin 6 sin 8

You know that in logarithm, instead of multi-
plying you just add logarithms; also, instead of
dividing one number by another, you just sub-
tract the logarithm of the second from the loga-
rithm of the first. Note that the logarithm of 1 is
0.000000. Therefore, the above equation can be
expressed as follows:

(log sin 1 + log sin 3 + log sin 5 +logsin 7) -
(log sin 2 + log sin 4 + log sinn 6 +logsin8)=0

Suppose, now, that after the second figure
adjustment the values of the angles shown in
figure 4-20 are as follows:

Value after Value after

Angie 2d Figure Angle 2d Figure
Adjustment Adjustment

[« 1 n [« ! n
] 38 44 06 2 23 44 35
3 42 19 06 4 44 51 59
5 69 04 20 6 39 37 49
7 26 25 52 8 75 12 13

A table of logarithmic functions shows the log
sines of these angles to be as follows:

Angle Logsine Angle Logsine
1 9.796380-10 2 9.604912-10
3 9.828176-10 4 9.848470-10
5 9.970361-10 6 9.804706-10
7 9.648478-10 8 9.985354-10
Sum 9.243395-10 Sum 9.243442-10
-9.243395-10
Difference 0.000047

The difference in the sums of the log sines
1s 0.000047. Since there are 8 angles, this
means an average difference for each angle of
0.0000059. The next question is, how to con-
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vert this log sine difference per angle into terms
of angular measurement.

To do this, you first determine, by reference
to the table of log functions, the average differ-
ence in log sine, per second of arc, for the 8
angles involved. This is, determined from the
“D” values given in the table, for each of the
angles shown in figure 4-20, the “D” value is as
follows:

Angle “D” value (")
1 2.62
2.32
0.82
4.23
4.78
2.12
2.55
0.57
Sum 20.01

ol ]n]w

The average difference in log sine per |
second of arc, then, is 20.01/8, or 2.5. The
average diffeience in log sine is 5.9; therefore,
the average adjustment for each angle is 5.9/2.5,
or about 2 seconds. The sum of the log sines of
angles 2, 4, 6, and 8 is greater than that of angles
1, 3, 5, and 7. Therefore, you add 2 seconds
each to angles 1, 3, 5, and 7, and subtract 2
seconds each from angles 2, 4, 6, and 8.

CHECKING FOR PRECISION

Early in this chapter the fact was stated that
the precision of a triangulativn survey may be
classified in accordance with (1) the average tri-
angle closure, and (2) the discrepancy between
the measured length of a base line and its length
as computed through the system from an adja-
cent base tine,

AVERAGE TRIANGLE CLOSURE

The check for average triangle closure is made
after the station adjustment. Suppose that, for
the quadrilateral shown in figure 4-20, the values
of the angles in the quadrilateral, after station
adjustment, were as follows:
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Angle Stat i\é:]%d?:xtset;wnt
. , "
| 38 44 06
5 23 44 38
3 42 19 09
3 44 52 01
5 69 04 2l
3 39 37 48
7 26 25 Sl
3 75 12 14

The sum of the angles which make up each of
the overlapping trizngles within the quadrilateral
is as follows:

angles we have adjusted. These angles now
measure as follows:

Value after Value after
Final Final
Angle| Adjustment || Angle Adjustment
[+] 1 n [+] 1 n
i 38 44 08 2 23 44 33
3 42 19 08 4 4 51 57
5 69 04 22 6 39 37 47
7 26 25 54 8 75 12 11

The natural sine of each of these angles is as
follows:

Angle Sine Angle Sine
1 0.625727 2 0.402627
3 0.673257 4 0.705448
5 0.934035 6 0.637801
7 0.445130 8 0.966837

Triangle Angles Triangle}  Angles
[o] ) n [+] 1] n
2123 44 38 1138 44 06
ABC 3142 19 09 ABC 2123 44 38
4144 52 01 8175 12 14
5169 04 21 3142 19 09
Sum 180 00 09 180 00 07
1138 44 06 7126 25 51
6[39 37 48 4144 52 01
ACD 7126 25 51 DBC 6|39 37 48
8]75 12 14 5/69 04 21
179 59 59 180 00 Ol

The sum of the closing errors for the 4 tri-
angles is (09 + 01 + 07 +01), or 18 seconds. The
average triangle closure for the 4 triangles, then,
is 18/4, or 04.5 secor.ds. For third-order triangu-
lation the maximum average triangle closure is
06 seconds, therefore, for third order work this
closure would be ac:eptable.

BASE LIJE DISCREPANCY

If AD is the base line in figure 4-20, then BC
would be the adjacent base line. Let’s assume
that the base hine AD measures 700.00 ft, and
compute the length of BC on the basis of the

Q

You can compute the length of BC by (1)
solving triangle ABD for AB and triangle ABC
for BC, and by (2) solving triangle ACD for OC
and triangle DBC for BC.

Solving ABD for AB, we have AB = AD sin
8/sin 3, or 700.00(0.966837)/0.673256, or
1005.243 ft. Solving ABC for BC, we have
BC = AB sin 2/fsin 5, or 1005.243(0.402627)/
0.934035, or 433.322 ft.

Solving ACD for CD, we have CD = AD si~
l/sin 6, or .700.00(0.625727)/0.637824, o1
686,724 ft. Solving DBC for BC, we have BC=DC
sin 7/sin 4, or 686.724(0.445130)/0.705449, or
433.315 ft.

Thus we have, by computation by 2 routes,
values for BC of 433.322 ft and 433.315 ft.
There is a discrepancy here of 0.007 ft. For
third-order work this would usually be con-
sidered within tolerable limits, and the com-
puted value of BC would be taken to be the
average between the two, or (to the nearest 0.01
ft) 433.32 ft.

Suppose, now, that the precision require-
ments for base line check are 1/5,000 This
means that the ratio between the difference in
lengths of the measured and computed base line
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must not exceed 1/5,000. You measure the base
line BC, and discover that it measures 433.25 ft.
For a ratio of error of 1/5 100, the maximum
allowable error (discrepancy »etween computed
and  measured value of base line) s
433.25/5,000, or 0.08 ft. The crror here is
(433.32 - 433.25), or 0.07 ft, which is within
the allowable limit.

LOCATIONS OF POINTS

The end-result desired in a triangulation
survey is the horizontal locations of the points
in the system, by bearing and distance. Methods
of converting deflection angles to bearings and
converting bearings to exterior/interior angles
are described in Engineering Aid 3 & 2; the fol-
lowing is how to determine the bearing of lines
of a quadrilateral.

BEARING AND DISTANCE

Figure 4-21 shows the quadrilateral we have
been working on, with the computed values of
the sides inscribed. Take station D as the starting
point. Suppose that, by an appropriate method,
you have determined the bearing of DA to be
N 15°00' 00'' E, as shown. To have a good
picture of how you proceed to compute for the
bearing of the next line AB, you must supcr-
impose the meridian line through the starting
point, laying off approximately the known
bearing; in chis case, N15°,00' 00" E. Now draw
your meridian through point A. From figure
4-21 you can see that the line AB bears SE, and
you could find its bearing by subtracting 15°
00’ 00" from angle A. Angle A is the sum of
angles 1 and 2 (38°44' 08" +23°44' 35") or
62°28" 43" as you could recall from ﬁg.m 4-8.
The beanng angle of AB is (62°28' 43"-15°
00' 00") 47°28' 43". Therefore, the complete
bearing of line AB is S 47° 28’ 43" E.

You would find the bearing of BC and CD
similarly, except that you have to watch for the
angle you are after. Always remember that a
bearing angle does not exceed 90° and is reckoned
always from N or S di.ection. To find the
bearing of BC you have to get the sum of angle
B (Angles 3 and 4, figure 4-20) plus the bearing
angle of AB, then subtract it from 180°; you
could see that it bears SW, so just add this

1@

wu—-

82.16
Figure 4-21.—Bearing and distances of a
quadrilateral.

designation to the proper place in the bearing
angle for BC. In this case the bearing of BC will
be (180°00'00* minus 42°19'08" + 44°
51' 59" +47° 28'43") or S45° 20' 10" W. The
bearing of CD is equal to angle C minus the
bearing angle of BC.

COORDINATES

Suppose that you are tying this quadrilateral
in figure 4-21 into a state grid system. The
nearest monument in this system lies 1153.54 ft
from station D, bearing $50°16' 36" W from D
as shown in figure 4-22. This means that the
bearing from the monument to D is N 50°
16' 36" E. Suppose that the grid coorlinates of
the monument arc y = 373,462.27 ft.,
X = 562,496.37 ft.

The latitude of the line from the monument
to station D is 1153.54 cos 50°16' 36", or
1153.54(0.639081), or 737.21 ft. The departure
of the same line is 1153.54 sin 50° 16' 36", or
1153.54(0.769139), or 887.23 ft.
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Y-Axis

x=563,383.60'
y=374,199,48"

MONUMENTll 1=562,496.37'.
| y=373,462.27

SO S

X=Axis

Figure 4-22.—-Coordinates.

82.150

The y coordinate of station D cquals the y
coordinate of the monument plus the latitude of
the line from the monument to D, or
373,462.27 + 737.21, or 374,199.48 ft. The x
coordinate of station D equals the x coordinate
of the monument plus the departure of the line
from the monument to D, or 562,496.37 +
887.23, or 563,383.60 ft.

Knowing the coordinates of station D, you

‘can now determine the coordinates of station A.

The latitude of DA is 700.00 cos 15° 00’ 00", or
700.00(0.9659286), or 676.15 ft. The departure
of DA is 700.00 sin 15°00' 00“, or
700.00(0.258819), or 181.17 ft. The y coordi-
nate of station A is equal to the y coordinate of
station D pius the latitude of DA, or 374,199.48
+ 676.15, or 374.875.63 ft. The x coordinate of
station A is equal to the X coordinate of station
D plus the departure of DA, or 563,383.60 +
181.17 or 563,564.77. The coordinates of the
other stations can be similarly deterinined.




“HAPTER 5
LEVEL AND TRAVERSE COMPUTATIONS

This chapter provides informuation on
procedures used in making level and traverse
computations. We will tahe up methods of
differential leveling, including steps to follow in
checking level notes. Coverage includes informa-
tion on adjusting intermediate bench marks, as
well as a level net. W will eaplain metliods of
computing arcas by Jouble meridian distance,
double parsllel distance, and multiplication of
coordinates. Computations of areas of parcels
which include curves and irregular figures are
also covered. In additi *n, several methods of
plotting horizontal cont.ol, which may be used
in determining the briring of traverses, are
described. These method., include plotting angles
by protractor and scale, plotting angles from
tangents. and plotting by coordinates. Some of
the common types of mistakes that the LA may
encounter in making or checking computations
arc pointed out, and information is given on
locating mistakes.

PRELIMINARIES TO COMPUTATIONS

Prior to computations, a close check on the
field data for completeness and accuracy is
required. This includes checking the ficld notes
to ascertain that they accurately reflect what
was actually measured. For example. a deflec-
tion-angle note 78° 61’ R must be checked to
ensure that the angle actually measured 78° 61
(by ascertaining that the sum of the angle and
the closing angle is 360° or within allowable
difference), and to ensure that the angle was
actually turned to the right.

A field measurement may itsclf require trans-
formation (called “reduction’) before it can be
applied as a value in computations. For
example: field notes may show plate readings
for 2-time, 4-time, or G-time anzles. Each of
these must be “reduced™ to the rean angle, as
explained in Engineering Aid 3 & 2. For another
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example. ficld notes may show a sticeession of
chained slope distances. Unless the order of
precision of the survey permits slope corrections
to be ignored, cach of these slope distances must
be “.cduced™ to the correspondisy horizontal
distance.

In a Jdosed traverse you must attain o ratio of
lincar crror of Jlosure and a ratio of angular
crror of cosure which are within the maximums
specificd for, or implicd from the nature of the
survey.

An crror which iy within the maximum
dlowable is climinated by adjustment. Adjust-
ment means the equal distribution of 4 sum total
of allowable crror over the separate values which
contribute to the total. Suppose, for example,
that for a triangular closed traverse with interior
angles about cqual in size, the sum of the
measured iitterior angles comes to 179° 57°. The
angular error of cosure is 03", Because these are
three interior angles about equal in size, 01
would be added to the measured value of cach

angle.
LEVZL COMPUTATIONS

In making level computations, be surc and
check on the notes for a level run by verifying
the beginning BM  that is, by determining that
the correct BM was used and its correct cleva-
tion duly recorded.

Then, chech on the arithmetical accttracy
with which you added backsights and subtracted
foresights. The difference between the sum of
the foresights taken on BM’s or TP’s and the
sum of the backsights taken on BM's or TP’
should cqual the difference in clevation between
the initial BM or TP and the f.aal BM or ’P.
This fact is illustraied in figure S 1.

Ycu must remember that this checks the
arithmetic only. It doesn’t indicate anything
about how accurately you made the verticai
distance measurements.
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Figure 5-1.—Differential-level circuit, and notes for differential leveling.

ADJUSTMENT OF INTERMEDIATE
BENCH MARK ELEVATIONS

Level lines which begin and end on points
which have fixed clevations, such as bench
marks, are often called level cdrcuits. When
leveling is accomplishicd between two previously
established bench marks, or over a loop that
closes back on the starting point, the elevation
determined for the final bench mark will scidom
be equal to its previously established elevation.
The difference between these two elevations for
the same bench mark is known as the ERROR
OF CTLOSURE. The REMARKS column of
figure 5-1 indicates that the actual eievation of
BM 19 is known to be 136.442 feet. The
elevation found through differential leveling was
136.457 fect. The error of closure of the level
circuit is 136.457-136.442 = 0.015 foot.

It is assumed that errors have occurred pro-
gressively along the line over which the leveling
was  deeomplished, so adjustments for these
errors are distributed proportionally along the

line as shown by the following example. Re-
ferring to figure 5-1, you will notice that total
distance between BM 35 and BM 19, over which
the line of levels was run, was 2,140 feet. The
clevation on the closing BM 19 was found to be
0.015 feet greater than its known clevation. You
must therefore adjust iic elevations found for
the intermediate BMs 16, 17, and 18.

The amount of correction is calculated as
follows:

distance between the start

Error ing BM and the intermediat
Correction= of BM
closure

distance between the start
ing and closing BM

BM 16 is 440 feet from the starting BM. The
total length distance between the starting and
closing BMs is 2,140 fect. The error of closure is
0.015 foot.

)
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Correction =-0.015 x =-.003

2140

The adjusted elevation of BMI6 s
134.851-0.003 = 134.848. The adjustments for
intermediate BMs 17 and 18 are made: in a
similar manner.

CALCULATING THE ALLOWABLE ERROR

The error of closure which can be allowed
depends on the precision required (first, second,
or third order). The permissible error of closure
in accuracy leveling is expressed in terms of a
coefficient and the square root of the horizontal
length of the actual route over which the
leveling was accomplished.

Most differential leveling (plane surveying) is
third-order work. In third-order leveling, the
closurc is usually made on surveys of higher
accuracy, without doubling back to the old
bench mark at the original starting point of the
level circuit. The length of the level circ -,
therefore, is the actual distance leveled. For
third-order leveling, the allowable error is:

0.050 ft y/length of the level circuit in miles

By adding the sight distances in the sixth and
seventh cclumns of figure 5-1, you will find that
the length of the level circuit is 2,140 feet. The
length in miles is 2140 + 5280 = 0.405. The
allowable error of closure is:

0.050 1/0.405 = 0.050 (0.64) = 0.032 feet

Since the actual error is only 0.015 feet, the
results are sufficiently accurate.

First- and second-order levels usually close on
themselves, that is, the leveling party runs a line
of levels from an old bench mark or station to
the new BM or station, and then doubles back to
the old BM for closure. The actual distance
leveled is twice the length of the level circuit.

For second-order leveling, the allowable error
is:

0.035 ft y/the length of the level circuit in miles
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First-order leveling is still more precise. The
allowable error cannot be greater than

0.017 .t y/the length of the level circuit in miles
ADFUSTMENT OF LEVEL NETS

When a level survey system covers a large area,
you will in turn adjust the interconnecting
network in the whole system. Adjustment of an
interconnecting network of level circuits consists
of adjusting, in tum, each separate figure in the
net, with the adjusted values for cach circuit
used in the adjustment of adjacent circuits. This
process is repeated for as many cycles as
necessary to balance the values for the whole
net. Within cach circuit the error of closure is
normally distributed to the various sides in
proportion to their lengths. Figure 5-2 repre-
sents a level net made up of circuits BCDEB,
AEDA, and EABE.

45.779
Figure 5-2.—Adjustment of levei net.

Along each side of the circuit is shown the
length in miles and the observed diffcrence in
elevation in feet between terminal bench marks.
The difference in elevation (plus or minus) is in
the direction indicated by the arrows. Within
each circuit is shiown its length (L), and the error
of closure determined by summing up the
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difterences in clevation in o Jduchwise direction.
Figure 5-3 shows the compuatdations reguired to
balance the net. The circuits, sides. distances
(eapressed in miles and in percentages of the
total) and differences in elevation (DL are
listed.

For circut BCDEB. the crror of Josure is
-0.40 foot. This is Jdistributed among the lines in
proportion to their fengths, Thus, for the line
BC. the correction is

=+ (.07 toot.

ol

040 x }

(17¢ of 0.40 = +0.07; with the sign opposite to
that of the crror of closure. The correction of
+0.07 foot is entered on the first line of the
column headed CORR and is added to the
difference in elevation (10.94 + 0.07=+11.01).
That sum is cntered on the first line under the
heading CORR DIi (corrected difference in
elevation). The same procedure is followed for
the remaining lines CD. DE. and EB of circuit
BCDEB.

The sum of the corrections must have the
opposite sign and  be equal to the error of
closure. The algebraic sum of the corrected
ditferences in clevation must equal zero. The
lines in circuit AEDA are corrected in the same
manner as BCDEB, except that the corrected
value of line ED (+27.08 instead of +27.15) is
used. The lines of CABE are corrected using the
corrected value of EA (+17.97 instead of
+17.91) and BE {(+5.13 instead of +5.23). In the
column CYCLE 1, the procedure of CYCLE I is
repeated, always listing the latest corrected value
from previously adjusted circuits before com-
puting the new error of closure. The cycles are
continued until the corrections become zero.
The scquence in which the circuits are taken is
immaterial ¢35 long as they are repeated in the
same order for each cycle. Computations may be
based on corrections rather than differences in
elevation.

TRAVERSE COMPUTATIONS

Traverse operations are conducted for map-
ping; for large construction projects, such as a

{ Distance’ Cycle T ' Cyde Cyele 111 Cycle1V
Circuit side | f ' i
;.\(l‘ %! DE x Corr | Corr DE DE ' Corr { Corr DE DE Corr | Corr DE DE Corr | Cotr DE
BCDEB | | ; |
BC..... ; 12§ ”6+10‘94§+0‘ 07+ 11. 01!+ 11. 01} — 0. 02{+ 10. 99; -+ 10. 99{ — 0. 01{+ 10. 98/ -+ 10. 98] 0 +10. 98
L) ) TN 28{ 40!+ 21. 04,+ 0. 16{+ 21. 20]4 2i. 20; — 0. 05,4 21. 15} + 21. 15! ~0. 01{+ 21. 14} +21. 14{— 0. 01{+21. 13
DE..... ‘ 13: 19— 27. 15';+0. 07, —27. 08;-- 27. 02, — 0. 03! — 27. 05} —27. 03[~ 0. 01;—27. 04]—27. 03] O -27.03
EB ... ”l 24? —85. 23é+0. 10; —5.13; —5.06{—0.03] —5.09) —5.07,—0.01f —5.08 —5.08 O —-5. 08
'mmL'mnmé—u4d+a4o 0 | +0.13}—0.13) 0 | +0.04/—0.044 o | +0.01l=0.01] o0
AEDA |
AE"-"!lﬂ2“—119”—04ﬁ—4197—1193~Q01—1194—1193 0 |[~17.93]—17.98). ... |.......
ED..... I 13! 26+ 27. 08'—0. 06+ 27. 02]+ 27. 05— 0. 02, + 27. 03] 4+ 27. 04{ ~0. 01§+ 27. 03} -+ 27. 03} . .. . feu.n-..
DA.. ‘ 26! 525 -8 92%—0. 13 —9.05 -9.05{~0.04 —9.09] —9.09-0.01} —9.10] =9.10j.---_Jeceooo.
'Wmlfwhm &02%-&24 0 | —o0.07-007 o | +0.02~0.02] o0 I N
EABE | | !
) OF SR ll{ 26 + l: 97/ —0. 04} 4 17. 93]+ 17. 94{ —0. 01} + 17. 93}-+17. 93] 0 +17.9314+17.93]. oo feeeea o
AB.. -: 15; 30) 2. 93! - 0. 06! —22. 99, —~22, 99! —0. 01] —23. 00/ — 23. 00]—0. 01} —23. 01} —23. 01} cc e }mcme e
BE..... a lt; 39; +5 l3{—-0. 07i 4+5.06] 4+5.09—-0.02 +5.07 +5.08 0 4+5.08 4508 ... fcacnan-
— ’ ’
Total., 43“00, +0. th-—-O. 17 0 +0. 04]-0. 04 0 +0. 01]=0. 01 G 0 Jococecfomanana
T 45.782
Figure 5-3.—Computations required to balance the level net.
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military post o1 an air base, tor road, rudroad,
and  pipeline  alignment. for the control of
hydrographic surveys. and for many other pro-
jects. A traverse is always classified as either a
Jdosed traverse or an open traverse. A closed
traverse starts and ends at the same point, or at
points whose relative horizontal positions are
known. An open traverse ends at the station
whose relative pocition is not previously known
and, unlike a closed traverse, provides no check
against mistakes and large errors.

CHECKING AND REDUCING ANGLES

Begin traverse computations by checking to
ensure that ail the required angles (including
closing angles) were turned, and that the notes
correctly indicate their sizes. For deflection
angles, check to ensure that angles marked L or
R were actually turned, and should have been
turned. in those directions. Check your sketches
and be sure they are in agreement with your
field notes.

Next, reduce repeated angles to mean angles.

CHECKING AND REDUCING DISTANCES

Check to ensure that all required linear
distances have been chained. Reduce slope dis-
tances as required. If you broke chain ou the
slopes, check to ensure that sums of break
distances were correctly added.

Finally, apply standard error, tension, and
temperature corrections as required.

ADJUSTING ANGLES

In a closed traverse, the theoretical or geo-
metrical sum of the interior angles is
180° x (n-2) whcie n = number of angles
measured; the sum of the exterior angles is
180° x (n + 2) where n =number of angles
measured; and the difference between the sum
of the right deflection angles and the sum of the
left deflection angles is 360°. Any discrepancy
between one of these sums and the actual sum
of the angles as turned or measured constitutes
the angular error of closure.

You adjust the angles in a Jdosed traverse by
distributing an angular crror of closure which is
within the allowable maximum equally among
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the angles. Figure 5-4 shows a traverse in which
one of the deflection angles was tumed to the
left, all others to the right. The sum of the right
deflection angles is 444°59', the deflection
angle turned to the left is 85° 01'. The differ-
ence is 359° 58, therefore, there is an angular
error of closure of 02", If all the deflection
angles were right, you would adjust by adding
one-sixth of 02', or 26", to each angle. Here,
however, you adjust by adding 20" to each right
deflection angle, but SUBTRACTING 20" from
the left angle. If you do this, the sum of the
adjusted angles to the right will be 445° 00" 40",
the sum of the left angles (of which there is only
one) will be 85° 00" 40", and the difference
between sums of adjusted angles will be 360°
00’ 00", as it should be.

Y’-‘?%sw

9/°35°R
as%0rt
490570
109°27°R
45.310
Figure 5-4.—Closed traverse by deflection angle

method.

Remember, then, that in adjusting the angles
in a deflection-angle traverse, you apply the
adjustments to right and left angles in opposite
directions.

ADJUSTING FOR LINEAR ERROR
OF CLOSURE

The procedure for distributing a linear error
of closure (one within the allowable maximum,
of course) over the directions and distances in a
closed traverse is called “balancing™ or “losing”
the traverse. Before you van understand the
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procedure. you must have a knowledge of
“latitude” and “departure.”

Latitude and Departure

Latitude and departure arec values which are
employed in the method of locating a point
horizontally by its “plane coordinates™. In the
plane coordinate system. a “point of origin’ is
arbitrarily selected according to convenicnce.
The location of a point is given in terms of its
distance N or S, and its distance E or W, of the
point of origin. The plane coordinate system will
be further explained later in this chapter.

The “latitude” of a traverse line means the
length of the line as projected on the N-S
meridian running through the point of origin.
The “departure” of a traverse line means the
length of the line as projected on the E-W

clarify this, examine figure 5-5. The point of
origin is at 0. The line NS is the meridian
through the point of origin; the line EW is the
parallel through the point of origin. The latitude
ot AB is the length of AB as projected on NS;
the departure of AB is the length of AB as
projected on EW. You can see that for a traverse
line running due N and S the latitude would
equal the length of the line and the departure
would be zcro. while for a line running due E
and W the departure would equal the length of
the line and the latitude woula be zero.

Now, for a line running other than N-S or
E-W. you can determine the latitude or depar-
ture by simple triangle solution. Figure 5-6
shows a traverse line 520.16 ft long bearing
S61°25' E. To determine the latitude, you
solve the triangle ABC for the length of the side
AC. From the bearing, you know that the size of
angle CAB (the “angle of bearing”) is 61° 25".
The triangle is a right triangle; therefore, AC =
520.16 cos 61° 25'. The cosine of 61° 25’ is
0.47944:; therefore, AC (that is, the latitude) =
520.16 x 0.47944, or 249.38 ft.

The latitude of a traverse line, then, equals
the product of the length of the line times the
COSINE of the angle of bearing.

To determine the departure, you solve the
uiangle for the length of the side CB shown in
figure 5-7. CB = 520.16 sin 61° 25'. The sine of
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Figure 5-5.~Latitude and departure.
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Figure 5-6.—Latitude equals length of traverse lisie
times cosine of angle of bearing.

61°25' is 0.87812; therefore, CB =520.16 X
0.87812, or 456.76 ft.

The departure of a traverse line, then, equals
the length of the line times the SINE of the
angle of bearing.
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45.314
Figure 5-7.—Departure equals length of traverse
line times sine of angle of bearing.

The latitude of a traverse line is designated N
or S, and the departure is designated E or W,
according to the compass direction of the
bearing of the line. A line bearing NE, for
example, has a N latitude and E departure. In
computations, N latitudes are designated plus
and S latitudes minus; E departures are desig-
nated plus and W departures minus.

Figure 5-8 is a graphic demonstration of the
fact that, in a closed traverse, the algebraic sum
of the plus and minus latitudes is 0, and the
algebraic sum of the plus and minus departures
is 0. The plus latitude of CA isequal in length to
the sum of the two minus latitudes of AB and
BC; the minus department of BC is equal in
length to the sum of the two plus departures of
CA and AB.

Linear Error of Closure

The above is the case geometrically speaking,
as it were, or only when perfect “linear closure”
is obtained. In practical fact, the sum-of-the N
latitudes usually differs from the sum of the S
latitudes, and the difference is called the “error
of closure in latitude”. Similarly, the sum of the
E departures usually differs from the sum of the
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Figure 5-8.—Graphic solution of a closed traverse
by latitude and departure.

W departures, and the difference is called the
“error of closure in departure”’.

From the error of closure in latitude and the
error of closure in departure, you can determine
the “linear errcr of closure”, which is the
horizontal linear distance between the location
of the end of the last traverse line as computed
from the measured angles and distances and the
actual point of beginning of the closed traverse.

Suppose, for example, that you come up with
an error of closure in latitude of 5.23 ft and an
error of closure in departure of 3.18 ft. These
two linear intervals form the sides of a right
triangle. The length of the hypotenuse of this
triangle constitutes the linear error of closure in
the traverse. By the Pythagorean theorem, the
length of the hypotenuse equals the square root
of 5.232 + 3.182%, or about 6.12 ft. Suppose the
total length of the traverse was 12,000.00 ft. Then
your ratio of linear error of closure would be

6.12
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Closing a Traverse

You “close” or ‘‘balance” a traverse by
distributing the linear error of closure (one
within the allowable maximum, of course) over
the traverse. There are several methods of doing
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this, the one with the must general application is
based on the so-called “‘compass nile™. By this
rule you adjust the latitude and departure of
each traverse line as follows:

Correction in latitude = total correction in
latitude tumes leng.h of traverse line over total
length of traverse.

Correction in departure = total correction in
departure times length of traverse line over total
length of traverse.

Figure 5-9 shows a closed traverse with
bearings and distances inscribed. Figure 5-10
shows the computation of the latitudes and
departures for this traverse, done on the type of
form commonly used for the purpose. As you
can see, the error in latitude is +0.33 ft and the
error in departure +2.24 ft. The linear error of
closure, then, equals the square root of (0.332 +
2.24%), or 2.26 ft. The total length of the
traverse is 2614.85 ft, therefore, the ratio of
error of closure is 2.26, or about |
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Figure 5-9.—Closed traverse by bearings and

distances.

We'll assume that this ratio of error is within
the allowable maximum. Proceed now to adjust
the latitudes and departures by the compass
rule. Set down the latitudes and departures on a
form like the one shown in figure 5-11, with the
error of closure in latitude at the foot of the
latitudes column and the error of closure in
departure at the foot of the departures column.
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Next use the compass rule to determine the
latitude correction and departure correction for
each line. For AB, for instgﬂcgl the latitude

correction equals 0.33 x 2214.85’ or 0.07 ft.

The error of closure in latitude is plus; therefore,
the correction is minus.

Note that the sum of the applied latitude
corrections equals the error of closure in latitude
and the sum of the applied departure corrections
equals the error of closure in departure; the
corrections, however, are opposite in sign to the
error of closure.

Finally, enter the adjusted latitudes and
adjusted departures in the last two columns,
determined in each case by applying the correc-
tion to the original latitude or departure. Note
that the negative latitudes now equal the posi-
tive latitudes and the negative departures equal
the positive departures, indicating that the errors
of closure have been entirely distributed.

Adjusting Bearings and Distances

With the adjusted latitudes and departures,
you can now adjust the original bearings and
distances by the procedure called ‘‘inversing”.
Inversing simply means computing the bearing
and length of a traverse line from the latitude
and departure. Again the process is one of
simple triangle solution. Figure 5-12 shows
traverse line AB with adjusted latitude and
departure inscribed. To determine the adjusted
angle of bearing, solve the triangle AA'B for
angle A'AB as follows:

i 37.70 _
tan AAB= 58788 0.06468
A'AB=3° 42

The adjusted bearing of AB, then, is N 3° 42’
E. For the adjusted distance, solve the triangle
for AB as follows:

37.70

_37.70
AB 0.06453

Tsin3 42

= 584.22 ft.

The adjusted length of AB, then, is 584.22 ft.
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comp. BY S X oate 110CT.

FUNCTION LATITUDE DEPARTURE
STATION BEARING DISTANCE
COSINE SINE NORTH SOUTH EAST wEST
A
N3°45'E | 584.211.99786(.06540| 58295 38.20
8
386°15°'F | 720 2611.06540(.99786 4710 718.72
C
S 10°49'E | 212.00/..98223|.18767 208.23| 3977
D
S 32°40'W| 292 31| 84182|.53975 24207 157.77
E
N43°29'W| 278.53(.72557| .688)4| 20209 19167
F
$57° 31w | 527 541 .53705] .84335 28331 445.01
A
TOTAL (2614 85 TOTALS | 78504|784.71 || 796.69| 79445
T784.11 —1794.45
+ .33 224
45.317
Figure 5-10.—Form for computing latitudes and departures.
PLANE COORDINATZ=S Plane Coordinates From Latitude

The location of a point by ‘“plane coordi-
nates” means to describe the point’s location in
terins of it3 distance N or S from, and its
distance E or W from, a point of origin.

Figure 5-13 shows how coordinate distances
are measured on an axis running N-S through the
point of origm and called the “Y’" axis; E-W
coordinates are measured on an axis running
E-W through the point of origin and called the
“X* axis. Values on the Y axis N of the point of
origin are plus, values S of the point of origin are
minus. Values on the X axis E of the point of
origin are plus, values W of the point of origin
are minus.

and Depaorture

Figure 5-13 also illustrates the relationship
between the plane coordinates of the end-
stations on a traverse line and the latitude and
departure of the line. You can sec that the
difference between the Y coordinate of A and
the Y coordinate of B (which is 200.00 ft)
equals the latitude of AB, and that the differ-
ence between the X coordinate of A and the X
coordinate of B (which is 600.00 ft) cquals the
departure of AB. It follows that if youa know the
coordinates of one of the stations in a traverse,
you can determine the ccordinates of the others
from the latitudes and departures.
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Ling vartooe | oeparture || coottli ol b oo b on (| Larivone DEPARTURE
AB +58295 |+ 3520 || -0.07 -0.50 ||+582881+ 37.70
BC - 4710 |[+71872 -0.09 -062 f— 4719(+718.10
CcD -20823 |+ 3977 || -0.03 -0.18 |{—208.26]+ 3959
DE -24607 |~157.77 -0.04 -0Rk5 |I-246.11]-158.02
EF +20209 |-19167 | -003 | -024 |[+20206[-191.91
FA -28331 [-44501 -0.07 -045 [1—-28333|-445.46
+0.33 +224 || -033 | -224 0.00| 0.00
45.318
Figure 5-11.—~Form for adjusting latitudes and departures.
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Figure 5-12.—Adjusted bearing and distance from 45.686
adjusted latitude and departure. Figure 5-13.—Location by plane coordinates.
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Figures 5-14 shows a closed traverse with
adjusted latitudes and departures inscribed. You
want to assign plane coordinates to the traverse
stations. To avoid the necessity of working with
negative courdinates, you select as point of
origin a point 0 which is west of the most
westerly traverse station and south of the most
southerly traverse station.

45.322
Figure 5-14.—Closed traverse with adjusted
latitudes and departures.

You determine the bearing and length of
dotted line OD and compute from these values
the latitude and departure of OD. You van sec
that the ¥ coordinate of station D must equal
the latitude of OD, or 150.70 ft, and that the X
coordinate of D must equal the departure of
OD, or 556.30 ft.

The Y coordinate of station A equals the Y
coordinatec of D plus the latitude of AD, or
150.70 + 591.64, or 742.34 ft. The X coordi-
nate of station A equals the X coordinate of D
minus the departure of AD, or 556.30 - 523.62,
or 32.68 ft.

The Y coordinate of station B equals the Y
coordinate of station A plus the latitude of AB,
or 742.34 + 25596, or 998.30 ft. The X
woordinate of station B equals the X coordinate
of station A plus the departure of AB, or 32.68
+125.66, or 158.34 ft.

ERIC
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The Y coordinate of station C equals the Y
coordinate of station B minus the latitude of
BC, or 998.30 - 153.53, or 844.77 ft. The X
coordinate of station C equals the X coordinate
of station B plus the departure of BC, or 158.34
+590.65, or 748.99 ft.

The Y coordinate of station D equals the Y
coordinate of station C minus the latitude of
CD, or 844.77 - 694.07, or 150.70 ft. The
coordinate of station D equals the X coordinate
of station C minus the departure of CD, or
748.99 - 192.69, or 556.30 ft. These are the
same coordinates you originally computed for
station D, a fact which serves as a check on your
accuracy.

You enter these values on a form like the one
shown in figure 5-15. In actual practice, you will
use a wide form on which all values and
computations from the original station through
bearing and distance, latitude and departure, and
coordinates can be entered.

Latitude and Departure from
Plane Coordinates

The numerical values of latitude and depar-
ture of a traverse line are easily computed from
the coordinates of the end-stations of the line.
For traverse line AB, for example, the numerical
value of latitude equals the difference between
the Y coordinate of A and the Y coordinate of
B, while the numerical value of departure equals
the difference between the X coordinate of A
and .he X coordinate of B.

To determine whether a latitude or departure
thus computed is positive or negative, the best
thing to do is to examnine a sketch of the traverse
to determine the compass direction of the
bearing of the line in question. If the linc bears
NE, the latitude is positive or N and the
departure is positive or E. If the line bears SW,
bo:h latitude and departure are negative.

’

TRAVERSE TABLES

In computing latitudes and departures, your
arithmetical calculations can be greatly expe-
dited by the use of a “traverse table”, in which
latitudes and depurtures for any bearing and
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STATICH NomLAmUDE — _ °E""RTURE““ Y cooaom.ug:
A 74234 | 3268
25596 125.66
® 99830 | 158.34
15353 | 590.65
¢ 84477 | 74899
69407 192.69
’ 15070 556.30
59164 523.62

45.323

Figure 5-15.—Fcrm for computing coordinates.

distance can be determined mostly by inspec-
tion.

Table 5-1 shows sample pages from a table
which gives angle-of-bedring values to the nearest
quarter-degree (15'). More precise tables give
angular values to the nearest 01'.

Under each of the bearing values at the hcad
of the page, a double column gives latitudes and
departures for distances of from 1 to 100 ft. Tor
a particular traverse line, you determine the
latitudes and departures by breaking down the
distance, moving decimal points, and adding up
results as in the following example:

Suppose you want to determine the latitude
and departure for a traverse line 725.32 ft leng,
bearing N15°30'E. To get the latitude, pro-
ceed as follows. In the latitude columnunder
15 1/2°, 100k up the latitude for 70 ft. You read
67.45 ft. If the latitude for 70 ft is 67.45 ft, the
latitude for 700 ft is 674.50 ft. Set that down.

Next, look up the latitude for 25 ft under the
same 15 1,2° latitude columnn, which is 24.09 ft.
The latitude for 725.00 ft, then, equals 674.50 +
24.09, or 698.59 ft.

Finally, for the 0.32 ft, look up the latitude
for 32 ft, which is 30.84 ft. If the latitude for 32
ft is 30.84 ft, it follows that the latitude for
0.32 ft must be 0.3084 ft, which rounds off at
0.31 ft.

The numerical value of the latitude, then, is
698.59 + 0.31, or 698.90 ft. Becausc the line AB
bears NE, the latitude is positive.

You get the departure in the same way, using
the departure column.

METHODS OF COMPUTING AREAS

Various methods are used in computing areas.
Some of the common methods with which the
EA should be familiar are discussed below.

AREA BY DOUBLE MERIDIAN DISTANCE

The MERIDIAN DISTANCE of a traverse line
is equal to the length of a linc running E-W from
the midpoint of the traverse line to a reference
meridian, the reference meridian being the
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meridian which passes through the most west-
cerly traverse station.

In figure 5-16, the dotted lines indicate the
meridian distances of the traverse lines to which
they extend from the reference meridian NS,
You can see that the meridian distance of the
initial line AB cquals one-half of the departure
of AB. The meridian distance of the next line
BC equals the suin of the meridian distance of
AB, plus one-half the departure of AB, plus
one-half the departure of BC.

You can dlso see that the meridian distance of
CD equals the sum of the meridian distance of
BC, plus one-half the departure of BC, MINUS
one-half the departure of CD. Similarly, the
meridian distance of AD equals the meridian
distance of CD, MINUS one-half the departure
of CD, MINUS one-half the departure of AD.

You should now be able to perceive the basis
for the following rules for determining meridian
distance.

1. For the initial traverse line in a closed
traverse, the meridian distance equals one-half
the departure.

N MERIDIAN DISTANCE A
ONE- HALF DEPARTURE AB
ONE -HALF DEPARTURE BC

MERIDIAN
DISTANCE CD

MERIDIAN
DISTANCE AD

45.324
Figure 5-16.—Meridian distances.

2. For cach subsequent traverse line, the

meridian  distance equals the sum of the
meridian distance of the preceding line, plus
one-half the departure of the preceding line, plus
one-half the departure of the Une itself. How-
ever, it is the ALGEBRAIC sum that is meant
meaning that plus departures are added, but
minus departures are subtracted.

for reasons of convenience, it is customary to
use DOUBLE MERIDIAN DISTANCE, (DMD
for short), rather than meridian distance, in
calculations. Now, if weridian distance of the
initial traverse line in a closed traverse equals
one-half the departure of the line, it follows that
the DMD of this line equals its departure. It
follows agdin, from the rule for meridian dis-
tance of the next line, that the DMD of that line
equals the DMD of the preceding line, plus the
departure of the preceding line, plus the depar-
ture of the line itself.

It can be shown geometrically that the area
contained within a straighi-sided closed traverse
equals the sum of the areas obtained by multj-
plying the meridian distance of each traverse line
by the latitude o: that line. Again it is the
algebraic sum that is meant. If you multiply a
positive meridian distance (when the reference
meridian runs through the most westerly
station, all meridian distances are positive) by a
plus or N latitude, you get a plus result which
you add. If you multiply a positive meridian
distance by a minus or S latitude, however, you
get a minus result which you subtract.

It follows from the above that if you multiply
for each traverse line the double meridian
distance by latitude instead of meridian distance
by latitude, the sum of the results will equal
twice the area, or the “double area”. To get the
area, you simply divide the double area by two.

Figure 5-17 shows form entries for the
double-meridian-distance computation of the
area of the traverse we have been working on.
Because AB is the initial traverse line, the DMD
of AB equals the departure. The DMD of BC
equals the DMD of AB (125.66), plus the
departure of AB (125.66), plus the departure of
BC (590.65), or 841.97 ft. The DMD of CD
equals the DMD of BC (841.97), plus the
departure of BC (590.65), plus the departure of
CD (which is MINUS 192.69, and therefore
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LATITUDE DEPARTURE DOUBLE AREA
COURSE T — - — OMD g —
AB + 255.96 +/25.66 +725.66|+32163.93
8c -/53.531+590.65 +841.97 -/129267.65
co -694.07 =192.69 |4+1239.93 -860598.2/
DA | +591.64 =523.62 }+523.62]+3097945¢
34)958.471789865.86
341958.47
2)647907.39
323953.69
AREA = 323,953.69 Q. FT. = 7.]44 ACRES

45.327

Figure 5-17.—Area from double meridian distances.

subtracted), or 1239.93 ft. The DMD of DA
equals the DMD of CD (1239.93), plus the
departure of CD (-192.69), plus the departure of
DA (-523.62), or 533.62 ft. Note that the DMD
of this last traverse line equals the departure of
the line, but with opposite sign. This fact serves
as a check on the computations.

The double area for AB equals the DMD times
the latitude, or 125.66 x 255.96, or 32163.93 sq
ft. The double area for BC equals 841.97 (the
DMD) times MINUS 153.53 (the latitude), or
MINUS 129267.65 sq ft. The double arca of CD
equals 1239.93 x (-694.07), or -860598.21 sq ft.
The double area of DA equals 523.62 x 591.64,
or 309794.54 sq ft.

The difference between the sum of the minus
double areas and the sum of the plus double
areas is the double area, which is 647907.39 sq
ft. The area is one-half of this, or 323953.69 sq
ft. Land area is generally expressed in acres.
There are 43,560 sq ft in 1 acre; therefore, the
area in acres equals 323953.69, or 7.44 acres.

43560
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AREA BY DOUBLE PARALLEL DISTANCE

You can check the accuracy of a double-
meridian-distance area computation by com-
puting the same area from “double parallel
distances’.

ERIC.

As indicated in figure 5-18, the parallel
distance of a traverse line is the N-S distance
from the midpoint of the line to a reference
parallel, the reference parallel being the parallel
passing through the most southerly traverse
station.

Figure 5-18.—Paralle! distances.
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You an see that the solution for parallel
distance is the same as the onc for meridian
distance, exceps that for parallel distance you
use latitude instead of departure. The parallel
distance of the initial traverse line (which is DA
in this case) equals one-half the latitude. The
parallel distance of the next hine, AB, equals the
parallel distance of the preceding line, DA, plus
one-hdlf the latitude of the preceding line, DA,
plus one-half the latitude of the line AB itscif.

It follows from the above that the DOUBLE
parallel distance of the initial traverse line DA
equals the latitude of the line. The double
parallel distance of the next line, AB, equals the
double parallel distance of the preceding line,
DA, plus the latitude of the preceding line, DA,
plus the latitude of the line AB itself.

The solution for arca is the same as it is for
arca by meridian distance, except that for the
double arca of each traverse line you multiply
the double parallel distance by the departure
instead of multiplying the double meiidian
distance by the latitude.

Figure 5-19 shows entries for double-paraliel-
distance area computation for the traverse we
are working on. Note that the result is identical
with that obtained by double-meridian-distance
computation.

AREA FROM COORDINATES

Before we explain the method of computing
arca from coordinates, let us “set coordinates™

for the stations of the traverse we are working
on. To avoid wsing negative coordinates, we'll
measure Y coordinates from an X axis passing
through the most southerly station, and X
courdinates from a Y axis passing through th.
most westerly station, as shown in figure 5-20.

Figure 5-21 shows the coordinate entries. You
can see that the Y courdirate of A equals the
latitude of DA, or 591.64 ft, while the X
coordinate of A is O. The Y coordinate of B
equals the Y coordinate of A plus the latitude of
AB, or 591.64 + 255.56, or 847.60 ft. The X
coordinate of B equals the departure of AB, or
125.60 ft. The Y coordinate of C equals the Y
coordinate of B MINUS the latitude of BC, or
847.60 - 153.53, or 694.07 ft. The X coordinate
of C cquals the X coordinate of B plus the
departure of BC, or 125.66 + 590.65, or 716.31
ft. The Y coordinate of D obviously is O,
however, it computes s the Y coordinate of C
rinus the latitude of CD, or 694.07-694.07,
which serves as a check. The X coordinate of D
equals the X coordinate of C minus the depar-
ture of CD, or 716.31 - 192.69, or 523.62. This
is the same as the departure of DA, but with
opposite sign- a fact which serves as another
check.

Figures 5-22 and 5-23 illustrate the method of
determining the double area from the coordi-
nates. First, muitiply pairs of diagonally
opposite X and Y coordinates as shown in figure
5-22, and determine the sum of the products.
Then, multiply pairs diagonally in the opposite

o

LATITUDE DEPARTURE OOUBLE ARFA
COURSE opo
+ — + - + —
DA N +59/.64 -523.62|+59/64 - 309794 54
AB | +255.96 1+ /25.66 t+/439.24|+/90854.90
BC =/532.53 | +590.65 +/54/.67#910587.35
ch -68+.07 = /92.69 |+694 o7 -/33740.35
+1091442.28-74353¢. 89
-443534.8%
2 )| 64750734
323953.6%
AREA 2 3231 953,69 S4. IFl= 7-94 |ACRES

45.692
Figure 5-19.—Area from double parallel distances.
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45.331

Figure 5-20.—-Computations of closed traverse by

coordinate method.

direction as shown in figure 5-23, and determine
the sum of the products. The difference between
the sums (which in this case is 1,044,918.77 -
397,011.37, or 647,907.40) equals the double
area.

This method of computing area is one which
lends itself to the use of a desk calculator. The
arrows indicate that the upper Y coordinate is
multiplied by the second X coordinate, and this
product then added to the product of the
second Y coordinate times the third X coordi-
nate, and so on. The same procedure is then
carried out beginning with the upper X and
second Y coordinates. This accumulation of
products may be carried along with the multipli-
cation on a calculating machine. On some
machines you lock the dial in which a product
appears, so that the product is “held” when you
clear for the next multiplication. More auto-
matic machines have a special keyboard button
called “cumulative multiply” or “multiply and
add”.

The symbol shown beside the coordinate
product sums is the capital Greek letter (Z)
“sigma.” In this case it simply means “‘sum”.

LATITUDE DEPARTURE } COORDINATES
STATION
+ - + - { Y X
A 591.64 o
+255% +12565 {
B || 84760 125.66
-153.53 || +590.65
C [V} 694.07| 71631
~694.07 ~192,69
D W o 52362
+591.64 -523.62
A || so164 0
|
)

45.321

Figure 5-21.—Coordinate entries for computation of figure 5-20.
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COORDINATES

STATION
Y X

591.64 X125.66 = 74345 .48

|
A ()] 5964 0
\
(
)

8 847 60 |™125.66
84760x716.3! = 60714436
C 694.07 | 716.31
\ N 694.07X 523.62 = 363428 93
o ([ N 523.62
/ N
A (L | 59164] ™o OX 0 =0
\ 3~ 104491877
/
45.695
Figure 5-22.—First step for tabulated computation of figure 5-20.
< COORDINATES
STATION
Y X
A (| | 5%64] o
\ 0X84760=0
B || |s4760] 12566
a 12566X694.07 = 87216.83
c 694.07| 7163
// 71631 XO =0
D g | 52362
A | [ ]s9%84] o 52362.%591.64 = 30979454
\ s+ 39701137
V1
45.696

Figure 5-23.—Second step for tabulated computation of figure 5-20.
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The slanted arrow after the sigma indicates
which of the product sums is here represented.

PARCELS WHICH INCLUDE CURVES

Not all parcels of land are bounded entirely
by straight lines. You may be required to
compute the area of a construction site which is
bounded in part by the centerlines or edges of
curved roads or the right-of-way lines of curved
roads.

Figure 5-24 shows a construction site with a
shape for the most part similar to that of the

Curve O
R=400.00’'
A =42°06°24"
A=2939¢"
T=/53.97'

Ci =N 26°09'00"€ 25739
Segmental Area =515/ ¥

parcel we have been considering in previous
examples. In this case, however, the traverse
lines AB and CD are the chords of circular
curves, and the boundary lines AB and CD are
the arcs intercepted by the chords. The follow-
ing sections explain the method of determining
the area lying within the straight-line and
curved-line boundaries.

The data for each cf the curves involved is
inscribed on figure 5-24—that is, the radius R,
the central angle A, the arc length A (based on
the arc definition of degree of curvature), the
tangent length T, and the chord bearing and
distance Cy.

(@}

() 1=7358/°

o
S
S
N Curve @)

R=1/0000°
A=38°1F 20"

¢

D A=73381"

T=381.15"

Cv=515°31"00"W 72028
Segmental Area =z9,276 %

45.697

Figure 5-24.—Area within straight-line and curved-line boundaries {curved segments).
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The cross-hatched areas tying between chord
and are are called “segmental areas™. To deter-
n.ine the area of the parcel, you must (1)
determine the area lying within the straight-line
and chord (also straght-line) boundaries, (2)
determine the segmental arcas, and (3) subtract
the segimental area for Cune 1 from, and add
that for Curve 2 to, the straight-line boundary
area.

The method of determining o segmental area
was explained in Engincering Aid 3 & 2. The
straight-line area may be determined by the
coordinate method, as explained in this chapter.
For figure 5-24, the segmental area for Curve |
works out to be 5,151 sq ft, for Curve 2, it is
29,276 sq ft.

Figure 5-25 shows & typical computation
sheet for the area problem shown in figure 5-24.
Included with the station letter designations in
ihe “station™ column are indications (“chord

#1” and ¢

‘chord
bearings and distances

#2") showing which of the
censtitute the chords of

Curves 1 and 2. The remainder of the upper part
of the form shows the process (with which you
are now familiar) of determining latitudes and
departures from the bearings and distances,
coordinates from the latitudes and departures,
double areas from cross-multiplication of co-
ordinates, double area from difference between
sums of N and sums of E coordinates, and arca
from half of double area. From this area,
segmental area #1 is subtracted. To this re-
mainder, secgmental area #2 is added.

To obtain the area of the parcel as bounded
by the arcs of the curves, you must add or
subtract the segmental areas according to
whether the particular area in question lies
inside or outside of the actual curved boundary.
In figure 5-24, you can see that the segmental
area for Curve | lies outside and must be
subtracted from the straight-line area, while that
for Curve 2 lies inside and must be added. With
the segmental areas accounted for, the area
comes to 348,882 sq ft, or 8.01 acres.

STATION BEARING DIST FUNCTION LAT DEP COORDINATES
CcoS SIN N3 S- E+ W~ NORTH EAST
A 74033\| 3/68
Chord ®1 N 20°09° 00°E | 28739 89764 | 44072 ||+25797|+126.¢¢ L
8 998 30 7|\158 34
S 75°2¢6 00"€ | 61026 || 25/51 | 96786 |~/5349 | #5905
c 844 1. 7|\N745 99
thord %2 | S 15°3/ 00'W | 720 28| 94355 | 26752 ||~49403]-192 ¢ 9 N/
D 15078, F|\556 30
N4/°39' 50'w| 78917 | 74705 | 46477 |+58955 |- 524 42
A 74033 A\ 3/¢8
£\ 1,239]46%85.1
¥y -¢990)171 7
2A= (49)513 4
A= 3241757
Jess seqmental ardg #1 - 51151
plus seqmental aréa®2 _ +29|27¢6
34¢)¢82 &
or §loo92 Ae
i

45.698

Figure 5-25.—~Computation of area which includes curve segments.
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The seeend method of determining o cunved-
boundary a.ca makes use of the “external arcas”
rather than the “segmental areas™ of the curves,
as shown in figure 5-26. The straight-line figure
is defincd by the tangents of the cunves, rather
than by the chords. This method may be used as
an alternative to the chord method, or as a
check on the result obtained by the chord
method.

The computation sheet shown in figure 5-27
follows the same pattern as that of the one
shown in figure 5-25. However, there are two
more straight-line boundaries in this case,

Curve ©
R =400 00’
A=42°046"24"
A=29396"
T=15397"

Ch=N2(°0900E 29759
External Area =2797 ¢

because cach curve has two tangents rather than
a single long chord.

The coordinates of A, B, C, and D are the
sdme as in the previous example, but the
coordinates of the P..’s must be established
from the latitudes and departures of the
tangents. The computations for determining the
tangent bearings are shown in the lower left of
figure 5-27. When you have only the chord
bearing, you can compute the tangent bearing
by adding or subtracting one-half delta as
appropriate. The angle between the tangent and
the chord equals one-half delta.

Curve @
R=1100.00"
A=38°13 20"
A=73381"
T=3%115

Ci=515°31'00"W 72075 "
External Area=15,045 %

45.699

Figure 5-26.—Area within the curve and its tangents.
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STATION BEARING OIST FUNCTION LAT DEP COORDINATES
cOos SIN N++1S5—~ E+:W— NORTH EAST
A 74033\ , 3/4%
Fangent VAV 47%2°12" E1/5397|| ¢ 7940 | 73377 \|+l10L L/ +11298
PT F44 94 |, 144 64
tangent (W 5°0548°E 15397\ 97605 | 05884 +15336\+17 68 ) 4
B 99530 7|\ /155 34
W
C 44 81 P 748 99
tangent | §3°35°¢0"€ 138115 99903 |0p2¢9 |-35040|+23 89 /
PI %2 464 4] FIN 772.99
Fangent | 534° 3740w\ 35715 §225¢ | 56524 |-313 ¢3\-2/6 58 Y
D 15078 L\ 556.30
X
A 740.33 FIN 3148
@ [6)

4/2 __‘_/400‘140” E\ /, 904‘, 0454'

£ /-1, 181,167.9

8/p = 2/°03'12"

CnB=MN24°0900"E Cu B= 5/5°31'00" W 2A=  723,4915
+8/p=-+2/°03'12" +8/2 =+ /9%0," 40" 4= 361,749
+qn BzA47°12'12"E  +anB=534°37'40"W plvs external area ¥1 = 4+ 2,797
less external area*2 = — 15,4645
(w8 = N2L°0900"E Afs = [/9°06°'40" 348,881 %
-8/2=~2/%3"72" -CuB= -15°31'00 or 8.0092 Ae

tan B =N 5°05'48"E

+an 8= 5 3°35'40F

Figure 5-27.—Computation of area which includes external area of curves.

After setting coordinates on the P.L’s, you
cross-multiply, accumulate the products, sub-
tract the smaller from the larger, and divide by 2
as before to get the area of the straight-line
figure running around the tangents. You then
add or subtract each external area as appropri-
ate. In figure 5-26, you can see that the external
area for Curve | is inside the parcel boundary

and must be added, while that of Curve 2 is

outside and must be subtracted. The area comes
to 348,881 sq ft, which is an acceptable check
on the area obtained by using the segmental
areas.

AREA BY TRAPEZOIDAL FORMULA

It is often necessary to compute the area of
an irregular figure, one or more of whose sides

Q

45.700

Figure 5-28.—Area of irregular figure by

trapezoidal rule.

'S Q < ! (=] o: °
g 2 o & g 2
ol e ¥
' : '
) ] )
1 1 — L
|+~ 50.0'—]
e - —~250.0
45.54
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do not form a straight line. Figure 5-28 shows a
figure of this kind, representing a lakeside lot in
which the S, E, and W boundaries are straight
lines perpendicular to each other, but the N
boundary is the irregular lake shoreline.

To determine the area of this figure, first lay
off convenient equal intervals (in this case,
50.0-ft intervals) from the W boundary, and
erect perpendiculars as shown. Measure *'.2
perpendiculars. Let the equal interval be called
d, and let the perpendiculars (beginning with the
W boundary and ending with the E boundary)
be called h1 through hé.

Now, you can see that for any segment lying
between two perpendiculars, the approximate
area, by the rule for determining area of a
trapezoid, equals the product of d times the
average between the perpendiculars. For the
most westerly segment, for example, the area

equals d xhl_;"——hz- The total area equals the sum

of the areas of the segments, therefore, since d is
4 factor common to cach segment, the formula
for the total area may be expressed as.

A=d(hl :h?+h2‘;h3 +h3-;h4+h4+h$l

2 2 2 2
+ hS +hé
)

However, this works out to:

M2 +2 2 2
A=d(hl + ..h..+..h3*;..h4+ 2h$ +hg6/

And this in turn reduces to:

A=d(hl :l;h6

+Nh2 +h3+h4 +hS)

Substituting in the formula the data from
figure 5-28, you have:

A= 50(@%‘2—% 80 +92 + 121 + 109)

If you work this out, you'll find that it comes
to 25,950 sq ft.
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1433

LA

.................

45,55
Figure 5-29.—Computing area by counting the
squares.

AREA BY COUNTING THE SQUARES

Another method of computing the area of an
irregular figure is to plot the figure on a sheet of
graph paper (plotting is ¢xplained later in this
chapter), and then determine the area by count-
ing the squares within the figure outline and
multiplying the result by the area represented by
cach square.

Figure 5-29 shows the same figure shown in
figure 5-28, but plotted to scale on a sheet of
graph paper on which each of the small squares
indicates 5 ft x 5 ft, or 25 sq ft. If you count the
squares within the outline, you will find that
they total 1,038 squares, which means 1,038 x
25, or 25,950 sq ft.

You do not usually need to go through the
tedious process of counting all the individual
squares one by one. In figure 5-29, for example,
you can see that the outline encloses 7 of the
larger squares on the paper, plus another large
square which is only 2 squares less than
complete. There are 100 small squares in one of
the large squares; you, therefore, have 798 of
the small squares quickly accounted for. In
counting the remaining squares, it is helpful to
remember that each horizontal or vertical row of
smaller squares within a large square contains 10
squares.

AREA BY PLANIMETER

A “planimeter” is a mechanical device by
means of which you can compute the area of an




Figure 5-30.—Polar planimeter.

irregular figure after tracing the perimeter of a
scaled drawing of the figure with a “tracing
point” on the planimeter. The most commonly
used instrument is called the “polar planimeter.”

Let’s take a look at the polar planimeter in
figure 5-30. Its parts include an anchor point, P,
a tracing point, T, with guide, G, a vernier, V,
and a roller, R. An adjustable arm, A, is
graduated to permit adjustment to conform to
the scale of the drawing. This adjustment pro-
vides a direct ratio between the area traced by
the tracing point and the revolutions of the
roller. As the tracing point is moved over the
paper, the drum, D, and the disk. F, revolve. The
disk records the revolutioas of the roller in units
and tenths, the drum, in hundredths, and the
vernier, in thousandths.

The planimeter is used as follows:

I. Determine the “planimeter constant,”
meaning the ratio between the area traced by
the tracing point on the paper and the number
of revolutions of the roller. Mathematically, we
can write it this way:

C

LY S

14

TYPICAL JRREGULAR
SECTION

45.56(82A)

Where. C is the planimeter constant,
A is the area traced by the tracing
point, and

n is the number of revolutions

It can be shown that the value of C is equal to
the product of the length of the tracing arm and
the circuminference of the roller. If the length of
the arm is fixed and not variable, the usual ratio
between revolutions of the roller and square
inches on the paper is 1 to 10-meaning that if
you pass the tracing point around a 1-in. x l-in.
square on the paper, the roller dial will record
0.10 revolution. The area of the figure on the
paper  cquals the number of revolutions
multiplied by 10, in this case, the planimeter
constant is therefore 10.

2. Check the accuracy of the planimeter as a
measuring device to guard against errors due to
temperature changes and other noncompen-
sating factors. A simple method of testing its
consistency of operation is to trace an area of
one square inch with the arm set for 1:1 ratio.
The disk, drum, and vemier combined should
read 1.000 for this area.
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3. Before measuning the specific ared deter-
mine the scale of the drawing and set the
adjustable arm of the planimeter according to
the chart m the planimeter case. Check the
setting by carefully tracing a known area, sucel.
as five large squares, on tie cross-scetion paper,
and venfymg the reading on the disk, drum, and
vernter. I the reading is inconsistent with the
known arca, readjust the arm setting until o
satistactory reading is obtained.

4. To measure an dared, set the anchor point of
the adjusted plammeter outside the plotted area,
place the tracing point on the selected point on
the permmeter of the figure, take an initial
reading tfrom the disk. drum. and vernier; con-
tinuc by tracing the perimeter cdochwise, heep-
g the tracig pomt carefully on the line being
followed, and. when the tracing point closes on
the mtial point, again take a reading from the
dish, drum, and vermer. The difference between
the mitigl reading and the final reading gives a
value proportional to the arca being measured.

5. Mdhe two independent measurements to
ensure accurate results, The first is performed as
discussed above: the second measurcment is
made with the anchor point again placed outside
the area being measured, but on the opposite
side of the arca from its position in the first
measurement. This procedure gives two com-
pensating readings, the mean of which is more
accurate than cither.

6. To measure plotted areas larger than the
capacity of the planimeter, divide the area into
sections and measure each separately as outlined
above.

The average planimeter can be set for any
scale from about 1 in. = 20 {t to about 1 in. =
200 ft, Suppose your drawing scale is 1 in. = 20
ft. You set this scale on the planimeter. A linear
scale of 1 in. = 20 ft means an area scale of 1 sq
in.=400 sq ft.

Instead of tecording the initial reading, you
can set the roller dial at O, place the tracing
point on a suitable starting point on the figure,
and trace all the way around the figure. Suppose
that you now read 7.50 revolutions on the roller
dial. Because the planimeter constant is 10, the
actual area covered by the outline on the paper
is 7.50 x 10, or 75. Because the scale of the
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drawing is 1 sq in. =400 sq ft. the actual arca on
the ground is 400 x 75, or 30,000 sq ft.

PLOTTING HORIZO..TAL CONTROL

Computations for horizontal control become
greatly clarified when you can see a PLOT (that
is, 4 graphic representation to scale) of the
traverse you are working on. A glance at the plot
of a closed traverse, for instance, tells you
whether you should add or subtract the depar-
turc or the latitude of a traverse line in
computing the departure or latitude of an
adjacent line, or in computing the coordinates of
a station.

For lincar distanees which are giveninfeet and
decimals of feet, you use the appropriate scale
on an enginecer’s or chain scale for laying off
linear distances on a plot. For plotting traverses,
there are three common methods by protractor
and scale, by “tangents’, and by coordinates.

PLOTTING ANGLES BY PROTRACTOR
AND SCALE

For the traverse we have been working on, the
adjusted bearings and distances are as follows:

Traverse Line Bearing Distance
AB N26°09'E  285.14 ft
BC S75°26'E 610.26 ft
CD SI15°31'W  720.28ft
DA N41°31'W 78996 ft

Figure 5-31 illustrates the procedure for
plotting this traverse with chain scale and
protractor. Select first a scale on the chain scale
which will conform the size of the plot to the
size of your paper. Select a convenient point on
the paper for station A and draw a light line NS,
representing the meridian through the station.

AB bears N 26° 09’ E. Set the protractor with
the central hole on A and the OO line on NS,
and lay off 26° 09’ (you’ll have to estimate the
minutes as best you can, remembering that 10
minutes equals one-sixth of a degree) to the E.
Draw a line in this direction from A, and on the
line measure off the length of AB (which is
285.14 ft) to scale.
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This procedure leaves you with a number of

N N light meridian lines through stations on the plot.
N A procedure which eliminates these lines is

illustrated in figure 5-32. Here you draw a single

Ty, meridian NS, well clear of the area of the paper

on which you intend to plot the traverse. From
a convenient point 0, lay off each of the traverse
lines in the proper direction. You can then
transfer these directions to the plot by one of
the procedures for drawing parallel lines.

PLOTTING ANGLES FROM TANGENTS
It could be the case that, instead of having

bearing angles to plot from, you might want to
plot the traverse from deflection angles tumed

A
N
‘26‘09.
A\°3\‘ 7/
9, o
A 4
)
0
S 8¢
45.701
Figure 5-31.—Traverse plotted by protractor
and scale method.
eﬁ
.7«6 .
This locates station B on the plot. Draw a ®

light line NS through B, parallel to NS through 15e37° _/
A, and representing the meridian through station
B. BC bears S 75° 26’ E. Set the protractor with
the central hole on B and the OO line on NS, lay §
off 75° 26’ from the S leg of NS to the E, and
measure off the length of BC (610.26 ft) to scale 45.702
to locate C. Proceed to locate D in the same Figure 5-32.—Plotting traverse lines by parallel
manner. method from a single meridian.
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in the field. The deflection angles for the
traverse we are working on are as follows:

AB to BC 78°25" R
BC to CD 90°57" R
CD to DA 122°58"' R
DA to AB 67°40" R

You could plot from these angles by pro-
tractor, by laying off one of the traverse lines to
scale, laying off the direction of the next line by
turning the deflection angle to the right of the
first line extension by protractor. and so on.

However, the fact that you can read a
protractor directly to only the nearest 30
minutes presents a difficulty in this case. When
you plot from bearings, your error in estimation
of minutes applie~ only to a single traverse line.
When you plot f.om deflection angles however,
the error carries on cumulatively all the way
aground. For this reason, you should use the
“tangent” mecthod when you are plotting
deflection angles.

Figure 5-33 shows the procedure of plotting
deflection angles hrger than 45°. The direction
of the starting line is referred to as meridian,
following a conventional procedure, that the
N-side of the figure being plotted is situated on
top of the drawing paper. In doing this, you
might have to plot the traverse approximately to
a small scale using a protractor and an engineer-
ing scale, just to have a general idea where to
start. Make sure that the figure will fit-1n
proportionately on the paper in accordance with
the desired size. Starting at point A, you draw
the meridian line lightly. Then lay off Ao, 10
inches (or any convenient round-figured length)
along the referenced meridian. Now, from o,
draw a line op perpendicular to Ao. Draw a light
line op as shown. In a trigonometric table, look
for the natural tangent of the bearing angle 26°
09', which is equal to 0.49098. Find the
distance op as follows:

op = Ao tan 26° 09’

= 10" x 0.49098
=4.9098 or 4.91 inches

Now we know that op is equal to 4 91 inches
Draw Ap extended, then lay off the distance AB
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A

o

MERIDIAN

45.332(82A)
Figure 5-33.—Plotting by tangent offset method from
deflection angles larger than 45°,

to scale along Ap. Remember that unless you are
plotting a closed traverse, it is always advan-
tageous to start your offsets from the referenced
meridian. The reason is that, after you have
plotted three or more lines, you can always use
this referenced meridian line for checking the
bearing of the last line plotted to find any
discrepancy. The bearing angle, used as a check,
should also be found by the same method
(tangent offset method).

Now to plot the directions of lines from
deflection angles larger than 45°, you have to
use the complementary angle (90 minus the
deflection angle). To plot the direction of line
BC in figure 5-33, draw a light perpendicular line
towards the right from point B. Measure off
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again a convenient round-figured length, say 10
inches, representing Bo,. The complement of
the deflecti sn angle of BC is 90° - 78° 25’ or
11° 35’. The natural tangent value of 11° 35" is
equal to 0.20497. From o, draw o,p, perpen-
dicular to Bo,. Solving for o, p,, you will have.

01p; = Bo, tan 1° 35'
= 10" x 0.20497
= 2.0497 or 2.05 inches

Now check the distance o, p, which is equal
to 2.05 inches. Draw a line from B through p,
extended, lay off the distance BC to scale along
this line. The remaining sides, CD and DA, are
plotted the same way. Make surc that the angles
used for your computations are the correct ones.
A rough sketch of your next line will always
help to avoid major mistakes.

When the deflection angle is less than 45°, the
solution by tangent for plotting is as illustrated
in figure 5-34. Here you measure off a con-
venient round-figure length (say 500.00 ft) on
the extension of the initial traverse line to locate
point O, and from O draw OP perpendicular to
AQ. The angle between BO and BC is, in this
case, the deflection angle. Assume that this is
23° 21". The formula for the length of OP is

OP = BO tan 23° 21’ = 500xC.43170 = 215.85
ft.

PLOTTING BY COORDINATES

A common and accurate method of plotting is
by coordinates, as illustrated in figure 5-35. Here
you simply locate each station by its coordinates

4 |
45.333

Figure 5-34.—Plotting by tangent offset method from
deflection angle smaller than 45°,

i4d
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and have no angular measurement o bother
about. To plot station B, for instance, you
would lay off from O on the Y axis a distance
equal to the Y coordinate of B (847.60 ft), erect
a light line from this peint perpendicular to the
Y axis, and measure off on this line from the Y
axis a distance equal to the X coordinate of B
(125.66 ft). The remaining points are plotted
the same way.

MISTAKES IN COMPUTATIONS

Ant involved computation such as determining
an area by DMD’s involves a considerable
number of calculations which present a large
scope for errors. Some of the most common
types of mistakes are discussed below in the
hope that if you know what they are, you may
be able to avoid ti.em.

MISTAKES WITH SIGNS

You must be extremely careful to give a value
(such as a latitude or departure) its correct sign
in the first place, and to apply the sign correctly

Y0450
8 X12%66
94 07
¢ :SH:JI
[
:5:0 4 A
« x
[+] 4] vy 0
X 523862
Y
[ ]
45.334
Figure 5-35.—Plotting by coordinates.
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in addition, subtraction, multiplication, and
division. The matter of signs is such a fertile
field for mistakes ghat it is a good idea never to
write a value without including the sign. The
practice of omitting plus signs is a recognized
procedure, but it is safer to write in the plus
signs. Then if you find a value without a sign,
you know that you forgot to put the sign in, and
that it might just as possibly be minus as plus.

WRONG COLUMN

A “wrong column” mistake may be an entry
made in a wrong column or it may be a reading
taken from a wrong column. To avoid such
mistakes, make both entries and readings with
DELIBERATION; that 1s, without undue haste
and WITH close attention always to which
column you should be entering in or reading
from.

WRONG QUADRANT

When you miscue as to the quadrant in which
a line lies, you get o bearing which may have the
correct angular value but which has the wrong
compass direction. The usual mistake of this
kind 15 to set down the compass direction of the
back bearing rather than that of the front
bearing.

A common cause of this mistake is viewing
the direction of 4 line from the wrong station. In
figure 5-36, the direction of AB is NE, but the
direction of BA 15 SW. AB and BA are, however,
the same traverse line. But if you are determin-
ing the direction of AB, that direction is NE. If
you dJre determiming the direction of BA, that
direction is preuisely ihe opposite, or SW. To
minimize directiondl error, arrows may be
placed on the diagram showing the direction of
the line.

WRONG AZIMUTH

The same consideration applies to azimuths.
Suppose that the bearing of AB in figure 5-36 is
N 46° E. Then the azimuth of AB is (measured
from N) 46°. BA is the same traverse line, but
the azimuth of BA is definitely not 46°, but
226°.
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Figure 5-36.—Proper compass direction of a closed
traverse.

LEAVING OUT A TRAVERSE LINE

A common source of mistakes is leaving out
(commonly called “dropping™) a traverse line,
either in the field notes o. .n the computational
procedure. If you get an out-sized angular and
linear error of closure, check first to ensure that
you haven’t “dropped™ one of the traverse lines.

WRONG DECIMAL PLACE

Wrong placement of a decimal point is a
mistake which is particularly liable to occur
when you are using the slide rule. Suppose, for
example, you are determining an approximate
double area by multiplying a DMD of +841.97 ft
by a latitude of -153.53 ft by slide rule. A
common and usually satisfactory method of
placing the decimal point in multiplication is to
move the point in one value to the left or right
until you get a number between 1 and 10, and
then move the decimal point in the other value
the same number of places in the opposite
direction.

In this case, you might move the decimal
point in -153.53 two places to the left, and the
one in +841.97 two places to the right. The
result would be 84197 x 1.5353. But if you
mentally multiply +80,000 x -1 to place the
decimal point, you will give your answer by slide
rule only § places before the decimal, and your,
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slide rule answer will be 12,900, which is .1 long
way off. Actually. you should multiply +80,000
x -1.5. which would give you 6 places before the
decimal, for a slide-rule product of -129.000.
Actually the product of +841.97 x -153.53 is
-129,267.65.

Another method of locating the correct dedi-
mal point of results from slide rule computa-
tions is by using the general rule in slide rule
operations, wherein you hkeep trach of the
movement of the slide (left or right). For
eaample, in multiplication. if the slide wuas
moved to the left, you simply take the sum of
the number of decimal places in both the
multiplicand and the multiplier to the left of
their decimal points, and that w .. be the
number of decimal places ‘n your answer. you
subtract 1, if the slide was moved to the right
Anyway, this procedure is described fully ia ke
brochure that comes with any slide rule, if by
now, you are not fully awarc of this, make
arrangements to get one, and study the correct
procedure and practice it.

LOCATING MISTAKES

If you can’t locate and correct a particular
mistake, you must rerun the whole traverse to
find it This can often be avoided, however, if
you know a few tricks for locating mistakes.

OUT-SIZED ANGULAR ERROR
OF CLOSURE

The size of an wut-sized angular error of
closure may be a clue as to the location of the
particular mistake. Suppose, for example, that
for a 6-sided closed traverse you got interior
angles as follows:

"90° 18
118° 48’
154° 42
147° 18’
101° 12’

612° 18’

The interior angles in a 6-sided closed traverse
should add up to 720° 00'. The difference
between 720° 00" and 612° 18’ is 107° 42", This

Lirge difierence suggests that an angle measuring
about 107° 42" was “dropped” somewhere along
the line, and you should look for an angle of
about this size in the traverse.

Suppose that in a 4-sided traverse, the differ-
enee between the sum of the R deflection angles
and the sum of the L deflection angles comes to
180°. For a 4-sided traverse, this difference
should be 360°. The large difference sugeests
that you have given one of the angles a wrong
direction. Look for an angle measuring about
half the error of closure (in this case measuring
half of 180°, or 90°) and see whether you may
have given this angle the wrong direction.

If you haven’t dropped an angle, a large
interior-angle error of closure probably means a
large mistake in measuring, or in rceording the
measurement of one of the angles. You may be
able to locate the doubtful angle by plotting the
traverse from the measured angles, drawing in
the line of the linear error ~f closure, and
erecting a perpendicular bisector from this line.
The bisector may point to the dubious angle.

For example: in figure 5-37, all the bearings
a.e correct except the bearing of CD, which
should be S 15° 31’ W for closure, but inad-
vertently you made a mistake and have S 05°
31" W. As a result of this error, the traverse fails
to close by the length of the dotted line AA'. A
perpendicular bisector from AA’ puints directly
at the faulty angle C.

If a perpendicular bisector from the line of
linear error of closure does not point at any
angle, the faulty angle may lie at the point of
beginning of the traverse. In figure 5-38, the
bearings of all lines are correct for closure
except that of the initial line AB, which should
be N 26° 09’ E for closure but was plotted N
16° 09' E. A perpendicular from AA' does not
point at any angle in the traverse.

OUT-SIZED LATITUDE AND/OR
DEPARTURE ERROR OF CLOSURE

If both the latitudes and departures fail to
close by large amounts, there is probably a
mistake in an angle or a distance. If one closure
is satisfactory and the other isn't, however, it is
probably that a computational mistake is the
cause of the out-sized closure error.
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Figure 5-37.—Graphical method to tocate angular
mistab2 in a closed traverse (see angle C).

OUT-SIZED LINEAR ERROR
OF CLOSURE

If angular error of closure is within allowable
limits and there is an out-sized linear crror of
closure, check for mistakes as follows.

1. Ascertain that you haven’t dropped a
traverse line.

2. Ascertain that each latitude and departure
is in the correct column.

3. Make sure that, in computing latitudes and
departures, you haven't accidentally uscd cosine
instead of sme or vice-versa. The latitude of a
traverse line equals the product of the length
times the COSINE of tlic bearing, the departure
equals the product of the length times the SINE
of the bearing.

4. Ensure that you have given cach bearing
the proper compass direction—that is, the direc-
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Figure 5-28.—Graphical method to lccate angular
mistake in a closed traverse (see angle A).

tion of the front bearing. NOT that of the back
bearing.

5. Ensure that you copied all bearings and
distances correctly.

6. Ensure that you copicd all cosines and
sines correctly, or set them correctly on the slide
rule. If you used the slide rule, ensure that you
also set distance values correctly, and placed all
decimal points correctly.

7. Ensure that you made no arithmetical
€rrors.

If none of these procedures serves to identify
the mistahe. you will have to rerun the traverse.
If you must do this, cxamine the direction of
the line of lincar error of Josure on the plot. [t
is often the case that the traverse line which
contains the mistake is parallel to this line. If
there is a line which is thus parallel, start your
rerun with this one.




CHAPTER 6
CONSTRUCTION AND LAND SURVEYS

This chapter describes important factors
involving route surveys, stakeout and as-built
surveys, airfield surveys, waterfront surveys,
earthwork computations, and land surveys.
Construction  surveys were discussed in
Engineering Aid 3&2, and they are presented
here from the viewpoint of the party chief.

Land surveying, as described in this chapter, is
intended to acquaint the EA with procedures
and legal aspects involved in this special type of
survey. Land surveying includes reestablishing
original land boundaries, establishing new
boundaries, and preparation of legal property
descriptions.

Technically speaking. construction surveying
is engineering surveying. Its primary concemn is
the orderly process of obtaining data for the
various phases of construction activities. As
explained in Engineering Aid 3 & 2,
construction surveying is divided into (1) the
“layout” or “stakeout” survey, and (2) the
“as-built™ survey. The layout or stukeout survey
includes the reconnaissance survey, the
preliminary survey and the location survey. The
as-built survey consists simply of determining
horizontal and vertical locations of points as
they were actually constructed.

The objectives of construction (orengineering)
surveying include:

1. The obtaining of reconnaissance informa-
tion and preliminary data required by cngineers
for selecting suitable routes and sites, and for
preparing structural designs.

2. The defining of selected locations by
establishing a system of reference points.

3. The guidance of construction forces by
setting stakes or otherwise marking lines, grades,
and principal points, and by giving technical
assistance.
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4. The measuring of construction items in
place for the puipuse of preparing progress
reports.

5. The dimensioning
preparation of as-built plans.

of structures for

There are a great many different types of
man-made structurss, only a few of the most
common can be discussed in this chapter. Those
discussed are roads, highways, utilities (that is,
sewer, power, gas, water, and fuel lines), airfields
and waterfront structures. Building and bridge
layout survey has been adequately covered in
Engineering Aid 3 & 2.

For a structure which follows a specified
route, the construction survey must usually be
preceded by a ROUTE survey.

ROUTE SURVEYS

The term ROUTE, like many other terms, has
more than one meaning, but the fiist definition
given in most dictionaries is: “The course or way
which is folloved, o which is to be followed.”
A ROUTE SURVEY, then, is one which deals
with the route (that is, the course or way) which
a structure will follow.

Of the structures discussed in this section,
two tfollow routes; these two are utilities iines
and roads/highways. The route survey for a road
or highway differs in important respects from
that for a utilities line, and the survey for oric
type of utilitics line may ditfer considerably
from that for another. However, in general it
may be said that the principal purposes of any
route survey are:

I. To select one or more tentative
GENERAL routes for the structure.
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2. To gather enough infoomation about the
arca covered by cach weneral route to make it
possible for designers to pinpoint the specific
FINAL LOCATION of the route finally
selected.

3. To mark this final location.

Consistent with these principal purposes, a
route survey is usually broken down into three
phases, as follows:

1. The RECONNAISSANCE surwy (purpose
.
2. The PRELIMINARY survey (purpose 2).
3. The FINAL LOCATION survey (purpose
3.

With regard to terminology, the route survey
is not a part of, but is preliminary to, the
construction survey. However, the two are
interconnected to the extent that a discussion of
construction surveying would be unintelligible
without an understanding of the previous route
survey.

The amount of detail involved in a route
survey will vary, of course, in accordance with
the type of structure and many other
circumstances. Obviously, a route survey for a
line of telephone or power poles requires less
detail than a route survey for a superhighway.
However, the primary purpose of any route
survey is to select the route that will satisfy the
requirements of the project with maximum
economy and advantage.

HIGHWAY ROUTE SURVEY

Highway route surveys for construction
involve considerations of curvatures, gradients,
drainage, soil conditions, sight distance, safety,
width, and roadside safeguards and surfaces to
withstand the impact of traffic.

Reconnaissange Survey

The minimum information with which a
highway reconnaissance party enters the field is
the specified CONTROL POINTS -that is, the
points which must be connected by the
highway. If the highway is to follow the route of
an already existing road, little- perhaps
no—reconnaissance will be necessary. For a new
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highway, the entire area between the control
points must be examincd for possible routes.

A reconnaissance  party usually  functions
under the direction of an officer acting as
LOCATION ENGINEER; however, the enlisted
party chief, in order to assist the location
engineer intelligently, must know something
about the general principles and practices of
reconhaissance.

The first requircment is a mental picture of
the general landscape of the arca. llere, maps arc
of great importance especially contour maps or
composite aerial photographs (mosaic) of the
surrounding arca. After a thorough study of all
available maps, the reconnaissance party should
go over the ground—both by planc and by
ground travel, if both are possible. The ground
party will examine the natural features of the
proposed route, see if the existing soil is stable
for a normal roadway, and take note of
approximate locations of available sources of
construction materials (Quarry sites and borrow
pits) in the immediate vicinity.

Enough approaimate elevations and distances
are obtained to convey an idea of the grading,
carthwork,. and other construction problems
adong the different routes. The locations and
descriptions of strcams, ridges, existing
man-made features, and other obstacles are set
down, as well as the locations of any objects
which may offer advantages, such as existing
bridges or low points on ridges.

Appreximate methods are used for distance,
direction, and elevation  measurements.
Distances may be scaled from available maps or,
in the absence of maps, measured approximately
by one of the approximate methods described in
Engineering Aid 3 & 2. Elevations may be taken
from contour maps or, in the absence of these,
measured by altimeter or computed from
vertical angles measured by clinometer.
Directions (horizontal angles) may be measured
by hand compass.

The reconnaissance report contains  a
summary of the information gathered. It usually
also includes a description of alternative routes
censidered feasible by the location engineer, and
a discussion of the controlling clements,
cconomic considerations, and recommendations
pertaining to cach alternative route. All available
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maps, shetches and acrial photographs applying
to the area are submitted with the report.

Preliminary Survey

A study of the reconnaissance report may
indicate that only one of the suggested
alternative routes is feasible, or the report may
itself indicate only a single feasible route. If this
is the case, the preliminary survey will be
omitted and the next step will be the final
location survey.

If alternatives exist, a narrow strip along each
alternative  route is  surveyed and a
PRELIMINARY MAP and a PROFILE of the
strip Jare prepared. A transit party runs an open
traverse approximately along the middle of the
strip, setting stakes at every full station and
setting hubs and stakes wherever the traverse
changes direction. A level party follows the
transit party, establishing bench marks and
taking profile elevations along the traverse. The
level party may also take cross-scction elevation,
or these may be left for the topographic party.

Finally, a topographic survey party locates all
relevant details on the strip, such as buildings,
property lines, streams, fences, bridges, and any
other features, either natural or artificial, which
may influence the selection of the final location.

If the route runs through wooded country,
the traverse must usually be run by transit-tape,
with a separate party running the levels as
described. However, in open country all three
preliminary survey operations (running line,
running levels, and locating Jetdils) may be done
at the same time, by a single party using
transit-stadia. The party, set up on the traverse,
first measures the horizontal angles, vertical
angles, and stadia distances applying to the
traverse ahead, then takes side shots applying to
the cross-section elevations and details.

As the preliminary survey proceeds, each
day’s work is plotted on a preliminary PROFILE
and a preliminary MAP. The profile shows the
plotted elevations of existing ground along the
traverse line, the map shows the topography and
other detail along the line, including contours. A
commoniy used scale for highway preliminary
profiles is horizontal 1 in. = 100 ft, vertical 1 in.
= 10 ft. The contour interval for a highway
preliminary map varies daceording to the slope or
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irregularity of the ground, the average for
ordinary country is 5 ft, but in level country it
may be 2 ft or even | ft, and in rough country
may be 10 ft or more.

Final Location Survey

From the preliminary survey data, one of the
alternative routes suggested by reconnaissance is
selected and the others are eliminated. Along the
selected route, a tentative location for the
highway centerline (including curves) is chosen.
This location is still tentative, because
circumstances which develop in the course of
the final location survey may require departures.
Usually the tentative horizontal location is
drawn in on the preliminary map, and the
tentative vertical location on the preliminary
profile. In this case thesc are familiarly called
the PAPER locations.

A number of considerations influence the
selection of the horizontal location and grade of
a highway. Some of the most important are.

1. Keeping changes in direction at a
minimum, and making unavoidable changes in
direction as gradual as possible.

2. Keeping changes 1in elevation at a
minimum, and making unavoidable changes in
elevation as gradual as possible.

3. Making total volumes of cut and fill as
small as possible.

4. Minimizing haul expense by making the
distance from borrow pit to cut in each case as
small as possible and using as little borrow as
possible. An attempt is madge to set line and
grade in a manner which will best facilitate the
filling of hollows with fill taker from nearby
high points along the traverse.

5. Providing for adequate drainage stopes.

The first task of the final location survey field
party might be described as the task of adjusting
the preliminary traverse to fit the requirements
of the paper location iravewse. The paper
location traverse may, for parts of its length,
coincide with the preliminary travei.e, for these
sections, no adjustment is necessary. For thosc
sections along which the two do not coincide,
the field party has the problem of locating, on
the ground, the paper location traverse so that
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its ground location will bear the same relation to

that of the preliminary traverse that the two
bear to each other on the preliminary map.

This relation may be determined by any of
the methods of tying in points described
Engineering Aid 3 & 2. Consider figure 6-1, for
example. In this figure the line through stations
C, D, and E represents the preliminary traverse.
The paper location traverse coincides with the
preliminary traverse to station C', but then runs
S 73°30" E, 580.36 ft, to station D', and thence
to rejoin the preliminary traverse at station E.

One way of locating station D’ on the ground
would be by perpendicular offset from the
preliminary traverse, as indicated by the dotted
line SD'. A right triangle solution will locate S
on the preliminary traverse, and determine the
length of SD'. The bearings of C'S and C'D
indicate that angle A must measure 29°42'. The
length of C'S amounts to 580.36 cos 29°42’, or
580.36(0.868632), or 504.12 ft. Therefore,
point S will be located 504.12 ft from station
C’, or at station 18 + 29.16.

The length of SD' amounts to 580.36 sin
29°42', or 580.36(0.495459), or 287.54 ft.
Therefore, to locate station D’ you would set up
a transit at station 18 + 29.16 on the
preliminary traverse, turn 90°, and lay off
287.54 ft from S.

Another way to locate station D’ would be by
triangular intersection from stations C' and E.
The bearings indicate that the size of angle B is
26°51". Angle A measures 29°42". Set one

O 12+ 25.04
> 13 +25 04

>0 19+35 22

transit up at C*, backsight on D, and turn 29°42’
to the right. Set up another transit at E,
backsight on D, and turn 26°54’ to the left. A
range pole sighted through both telescopes will
be located on station D’ Measure the distance
C'D’ to check if it measures 580.36 ft—the paper
distance.

Stakes are usually set at all full stations, and
at all P.I’s, P.C.’s, and P.T.’s. In general, stakes
are set at SO0-ft stations on horizontal curves.
Where the location traverse diverges from the
preliminary  traverse, profile levels and
cross-sections for this po.uon are taken. Then, a
corrected location plan is prepared; in most
cases this correction is just integrated to the
existing plan. As a result of a study of these
departures from the preliminary traverse, further
adjustments in line or grade may be ordered.
When these have been made in the field, and on
the location plan and profile, the final location
survey is completed.

OTHER ROUTE SURVEYS

Other structures which follow routes are
utilities lines, which may be broadly divided into
OVERHEAD power and communications lines
and UNDERGROUND power/communications
lines: sewerlines; and water, gas, and fuel lines.
The character of the route survey for a utility
will vary, of course, with the circumstances. A
sanitary sewer, for example, will follow the
streets on which the buildings it serves are

lom 25+82.26
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located,  consequently,  reconnaissance  and
preliminary sunceys are seldom newessary for one
of these. The same applies, in general, to the
DISTRIBUTION purt of a4 power, gas. water, or
fucl line. The location of one of these is
contiolled by the locations of the buildings it
SeIvVes.

It utilities Lines already eaist in an area, they
are shown on UTILITIES MAPS. A separate
map > generally used to show the principal
features of cach utidity . Small-scale maps show
locdtions,  materials.  pipe  sizes. and  other
mtormation relating to the main transmission,
collection.  and  distnibution  systeins.  Minor
construction details and service connections are
shown on lurger-sedle detail plans.

A utilitios pruject often myolves extending an
existing line -as. for example, tying in a line
from new housing to an cxisting sanitary sewer.
The first requirement in a case of this kind is a
study of the cxisting utilitics maps.

ABOVEGROUND UTILITIES
ROUTE SURVEYS

Aboveground utilities are usually clectrical
puwel or communications lines, striing on poles
or towers. Thie location of the DISTRIBUTION
(serviee) part of one of these is usually
wontrolled by the locations of the buildings it
serves ineantng that the service or distribution
line will usually follow the streets on which the
buildings are tocated. For the TRANSMISSION
part. however, judgment in the selection of a
route s usually required. By transmiission part
we mean that part of a line which carries (for
example) high-voltage electrical power froin the
power plant to points from which the power is
distributed to consumer outlets.

The route survey for a power transmission
line. then, may be divided. like that for a
highway. mto reconnaissance, preliminary, and
final location surveys. Controlling considerations
are, of course, different from those for a
highway. Fur o tower line, construction
ceonomy  requitres that changes in direction be
kept at a minimnum, for the reason that a tower
lovated where o line changes direction must
stand o lugher stress than one located in a
strovght-line part of the line. In general, tower
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construction in level country is cheaper than
construction in broken country, however, the
line may be run over broken country to
minimize changes in direction, or to make it
shorter, or to follow a line where the cost of
obtaining right-of-way is cheap. To facilitate
access for construction and future maintenance,
it is desirable that lines be located adjacent to
existing roads.

When  running  the preliminary  survey,
incorporate all pertinent topographic
information into the field notes. Note

particularly any existing overhead or subsurface
lines and indicate whether they are power or
cominunications lines. Locate such features as
marshes, streams, forests, roads, railways, power
plants, luboratorics, and adjacent military camps
or bases.

Pole Line Surveys

When the route has been selected on the basis
of the reconnaissance data, a plan and profile are
plotted. The plan shows the route the line will
follow and the significant topography adjacent
thereto. The profile shows the ground elevation
along the line and the top elevations of the
poles. These are generally set in accordance with
a specified minimum allowable clearance

between the ground line and the top of a pole.
In open country the munimuin clearance for a
line crossing roads, railroads, or waterways is
usually 14 ft, in built-up country it is usually 18
ft. Minimum allowable clcarance between two
crossing powerlines is usually 4 ft, for two
communications lines it is usually 2 ft apart.

When a power or communication line crosses
a highway or railroad, poles adjacent to the
highway or road are usually requirer to be set a
minimum of 12 ft back from the highway
shoulders or railroad rails.

Poles arc numbered consecutively in
accordance with a specificd theoretical span
between adjacent poles -regardless of whether or
not there is actually a pole set at each of these
intervals. Theoretically, the spacing is usually
150 ft. The line might cross a stream wide
enough to caase the span between adjacent poles
to be say 400 ft. Suppose the pole number on
one side of the stream was 65. The next adjacent
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pole on the other side would be, not #66, but
#68.

Each pole location is marked with a hub on
the line; the hub may be offset. On the guard
stake you put the pole number, the line
elevation, and the distance from the top of the
hub to the top of the pole, obtamed from the
profile. This is usually simply designated as a
plus, as: +25 ft.

Tower Line Surveys

High voltage lines are often supported by
TOWERS, a tower being a broad-based steel
structure 35 ft or more in height. When a change
m direction in a tower line is unavoidable, it is
wade gradually, in gs small angular increments as
possible. Suppose, for example, a change in
direction of 90° was required. Instead of an
abrupt change in direction of 90 °,towers would
be set so as to cause the line to follow a grad-
ual curve in a succession of chords around an
arc of 90°

Each tower in a curve of this kind must be
placed at an angle which will balance the lateral
pull of the cables in and out of the tower. This is
done by locating thie centerline of the tower so
as to bisect the angle between the lines as shown
in figure 6-2.

BELOWGROUND UTILITIES
ROUTE SURVEYS

When man-made structures are erected in a
certain area, it i¢ necessary to plan, design, and
construct an adequate drainage  system.
Generally, an underground drainage system is
the most desirable means in removing surface
water effectively from operating areas. An open
drainage system, like a ditch, is economical;
however, when not properly maintained, it is

unsightly and unsafe. Sometimes an  open
drainage system also causes erusion, thus
resulting in  fanures to nearby structures.

Flooding caused by an inadequate drainage
system is the most prevalent cause leading to the
rapid detenoration of roads and airficids. The
construction  and  installation of  drainage
structures will be discussed later in this chapter.
At this point we are mainly interested in
drainage systems and types of drainage.
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Drainage System

SANITARY sewers carry waste from
buildings to points of disposal; STORM sewers
carry surface runoff water to natural water
courses or basins. In either case the utility line
must have a GRADIENT—that is, a downward
slope toward the disposal point, just sufficiently
steep enough to ensure a gravity flow of waste
and water through the pipes. This gradient is
supplied by the designing engineer.

Natural Drainage

To understand the controlling considerations
affecting the location and other design features
of a storm sewer, you must know something
about what might be called the mechanics of
water drainage from the earth’s surface.

TOWER

\

\I
\
\75°
8>,
\30 7 \‘

82.18
Figure 6-2.—Balancing the stresses on a tower.

When rainwater falls on the earth’s surface,
some of it is absorbed in the ground. The
amount thus absorbed will vary, of course,
according to the physical characteristics of the
surface. In sandy soil, for instance, a large
amount will be absorbed, on a concrete surface,
on the other hand, absorption will be negligible.

Of the water which is not absorbed in the
ground some will evaporate, and some, absorbed
through the roots and exuded onto the leaves of
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plants. will additionally  dissipate  through a
process called TRANSPIRATION.

The water which remuains after absorption,
evaporation,  and  transpiration is  technically
known as RUNOFF. This term relates to the
fuct that this water, under the influence of
gravity, will make its way (i.c. “‘run-off™)
through n.tural channels to the lowest point it
can attain. To put this in terms of a general
scientific principle, water will, whenever it cuan,
sech its own level, The generdl, final level which
unimpeded water on the earth’ surface will secek
is sed fevell and the rivers of the earth, most of
which cempty into the sca, dare the carth’s
principdl drainage channels. However, not all of
the carth’s runoff reaches the great oceans, some
of it is caught in land-locked lakes, ponds, and
other nonflowing inland bodies of water.

Let’s consider, now, a point high in the
mountains somawhere. As tain falls in the area
around this point, the runoff runs down the
slopes of o smull gulley, und forms a small
stream which finds a channel downward through
tt > ravine between two ridges. As the stream
proceeds on its course, it picks up more and
more wdter draiaing in similar fashion from high
puints in the area through which the stream is
passing.  As a result of this continuing
accumulation of runoff. the stream becomes
larger, until cventually it cither becomes or joins
& large river making ats way to the sea -or it may
finally empty into a lake or other inland body of
water.

The natural channels  through  which this
runoff passes will generally contain and dispose
of all the runoff in nommal weather
circumstances. llowever, it is commonly the case
that during the winter in the high mountains
runoff is interrupted by snow conditions—that
is, instead of running off, the potential runoff
accumulates in the shape of snow. When this
decumulated mass melts in the spring, the runoff
often attains proportions which overwlielm the
naturdl  channels, causing flooding of
surrounding areas. In the same fashion,
unusudlly heavy rainfall may overtax the natural
channels.

Artificial Drainage

When artificial structures are introduced into
an ared, the natural drainage arrangements of the

ERIC

IToxt Provided by ERI

darea are upset. When, for example, an area
originally containing many hills and ridges is
graded off flat, the previous'v existing natural
driinage channels are removed and much of the
effect of gravity on runoff is lost. When an area
of natural soil is covered by artificial paving,
much water which was previously absorbed will
now present drainage problems.

In short, when man-made structures such as
bridges, buildings, etc. are erected in an area, it
is usually necessary to design and construct an
artificial drainage system to offset the extent to
which the natural drainage system has been
upset. Storm sewers are usually the primary
feature of an artificial drainage system; however,
there arc other features, such as drainage
DITCHES. Both storm sewers and ditches carry
surface run off. The only real difference
between a drainage ditch and a storm sewer is
the fact that the ditch lies on the surface and the
storm sewer below the surface.

Similarly it might be said that there is no
essential  difference in  mechanical principle
between an artificial and a natural drainage
system. Like a natural channel, an artificial
channel must slope downward, and must
become progressively larger as it proceeds along
its course, picking up more runoff as it goes.
Like a natural system, an artificial system must
reach a disposal point-usually a stream whose
ultimate dJestination is the seca or a standing
inland body of water. At the terminal point of
the system where the accumulated runoff
discharges into the disposal point, the runoff
itself is iechnically known as DISCHARGE. The
discharge point in the system is called the
OUTFALL.

Parts of an Artificial Drainage
System

A surface drainage system consists principally
of DITCHES, which form the drainage channels.
A ditch may consist simply of a depression
formed in the natural soil, or it may be a
PAVED ditch. Where a ditch must pass under a
structure (such as a highway embankment, for
example), an opening called a CULVERT is
constructed. A PIPE culvert has a circular
opening, a BOX culvert has a rectangular
opening. Walls constructed at the ends of a
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culvert are called END walls. An end wall,
running perpendicular to the line through the
culvert, may have extensions called WINGS (or
WING WALLS) running at an oblique angle to
the line through the culvert.

An underground drair 1g. system (that is, a
storm scwer) consists, bruadly speaking, of a
buried pipeline called the TRUNK oi MAIN, and
a scries of STORM WATER INLETS which
admit surface runoff into the pipeline. An inlet
consists of a surface opening which admits the
surface water munoff, and an inner chamber
called a BOX (sometimes a CATCH BASIN). A
box is wusually rectangular, but may be
cylindrical. An inlet with surface opening in the
side of a curb is called a CURB inlet, a working
drawing of a curb inlet is shown in figure 6-3.
An inlet with a horizontal surface opening
covered by a grating is called a GRATE
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Figure 6-3.—Working drawing for typical
curb inlet.
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(sometimes a DROP) inlet. A general term
applied in some areas to an inlet which is neither
a curb nor a grate inlet is YARD inlet.

Technically speaking, the term “‘storm sewer”
applies to the pipeline; the inlets are called
APPURTENANCTS. There are other
appurtenances, the most common of which are
MANHOLES and JUNCTION BOXES. A
manhole is a box which is installed, of necessity,
at a point where the trunk changes direction,
gradient, or both. The term ‘“manhole”
originally related to the access opening at one of
these points; however, a curb inlet and a
junction box nearly always have a similar access
0,.ening, for cleaning, inspection, and
maintenance purposes. One of these openings is
often called a “manhole,” regardless of where it
is located. However, strictly speaking, the access
opening on a curb inlet should be called a curb
inlet opening; that on a junction box a junction
box opening. Distances between manholes are
normally 300 ft, but this distance may be
extended to a maximum 500 ft if the
specification requires it.

The structure at an access opening consists of
the manhole (or curb inlet, or junction box)
COVER and a supporting metal casting called
the FRAME. A frame for a circular cover is
shown in figure 6-4. Some covers are
rectangular. The frame usually rests on one or
more courses of ADJUSTING blocks, so that the
rim elevation of the cover can be varied slightly
to fit the surface grade elevation by varying the
vertical dimensions, or the number of courses, of
the adjusting blocks.

A junction box is similar to a manhole, but is
installed of necessity at a point where two or
more trunk lines converge. The walls of an inlet,
manhole, or junction box may be constructed of
special concrete masonry units or of
cast-in-place concrete. The bottom consists of a
formed slab, sloped in the direction of the line
gradient, and often shaped with channels for
carrying the water across the box from the
inflowing pipe to the outflowing pipe.

Drainage Design

A complete description of the many problems
involved in drainage design cannot be given in
this course. We can only discuss enough of the
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Figure 6-4.—Frame for an access opening.

highlights to make it possible for you, as field
party chief, to assist the design officer
intelligently. In drainage design, the topography
of the whole area concerned is closely studied. If
satisfactory topographic maps do not exist, such
must be made. Obviously, of course, both the
existing terrain and the terrain as it will exist
after construction are considered.

The first consideration with regard to the
drainage problem at a particular point is the
maximum quantity of runoff which may be
expected at that point. This maximum quantity
is familiarly called the “Q”. The point in
question is called the POINT OF
CONCENTRATION. A study of the map
(particularly of the relief) determines the limits
of the CONTRIBUTING AREA for that

point—that is, the boundaries of the area around
the point from which water will drain toward
the point of concentration. Next, the runoff for
this area is determined. The quantity of this
runoff will depend upon 4 number of factors,
one of which 1s the INTENSITY of the rainfall
in the contributing area UNDER DESIGN
CONDITIONS.
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The term “intensity” signifies a RATE of
rainfall: a 10-minute cloudburst which dumps 1
inch of water on an area means a rate of 6 inches
per hour, there being six 10-minute intervals in
an hour. The numerical value of intensity for a
given contributing area is affected by (1) the
duration of the storm, and (2) the design
frequency of the storm. The duration of the
storm is presumed to be equal to the length of
time it takes a drop of water at the outermost
limit of the contributinz area to reach the point
of concentration; it is assumed that at this time
the entire area is contributing runoff to the
point of concentration. Design frequency refers
to how bad a storm the system can carry
without flooding—for example, a storm that can
be expected only once in 2 years, or in 5 years,
or in 10 years. It is seldom economical to design
for the worst possible storm; the design
frequency selected will vary according to the
extent to which occasional flooding of the
system will cause damage. Obviously, occasional
flooding of the ground floor of a shop
containing valuable articles would be more
serious than occasional flooding of, say, a tennis
court.

The system, then, may be designed for the
type of storm which occurs only every 2 years,
or every 10 years—this is familiarly called
“designing for a 2-year storm” or “for a 10-year
storm.” If weather records exist, design intensity
can be based on these. If they don’t, estimates
must be based on the experience of inhabitants,
on judgment, or on both.

Now, the product of the design intensity
times the area (in acres) of the contributing area
gives the amount of water which would
accumulate as runoff at the point of
concentration if all this water ran off. However,
some of the water will be absorbed, some will
evaporate, and some will dissipat: through
transpiration. Therefore, the product of the
contributing area (A), times the design intensity
(i), is reduced by multiplying by a factor called
the RUNOFF COEFFICIENT (C). The result is
the amount of the product of A times i which
will remain as runoff after absorption,
evaporation, and transpiration. In general, to get
the run»ff coefficient you refer to tables similar
to the one shown table 6-1. Such tables are
based upon studies made in the past with regard
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to the penivusness or mpernviousness of various
types of surfaces, and apply the table values to
estimates of the proportion of pervious to
impenious areds in the contributing arca.

Table 6-1.—Surface Runoff Factors

Types of surface Coefficients
Pavements (concrete or asphalt) 0.70 to 0.95.
Gravel or macadam pavements 0.35 to 0.70.
Impervious soils® ... . ..._..... 0.40 to 0.65.
Impervious soils, vtith turf?® 0.30 to 0.55.
Slightly pervious soils® . . 0.15 to 0.40.
Pervious soils® ._.. .. .. e . 0.01 to-0.10.
Wooded areas depending on surface

slope and soil cover . 0.01 to 0.20.

1 For slopes from 1 to 2 percent.

Note. The figures given are for comparatively level ground. For
slopes greater than 1 in 50 (29) the coeflicient should be in-
creased by 0.2 for every 2 percent of slope. but coefficient ¢annot
exceed 1.0.

82.153

In sum, then, the Q (quantity of runoff, in cu
ft per second, accumulating at the point of
concentration during the design storm) s
determined from the formula ACi, A being the
area of the contributing area in acres, C being
the runoff coefficient expressed as a percentage
(as, 0.40), and i being the intensity of rainfall, in
inches per hour, in the contributing area during
the design storm.

You may note that in this formula acres is
multiplied times inches per hour and the answer
is reported in cubic feet per second-an apparent
inconsistency in units. The use of these units is
possible because the flow of 1 inch of water
from 1 acre in 1 hour is almost equal innumeri-
cal value to the flow of 1 cubic foot of water in
1 second. This fact may be demonstrated by
assumingan area of lacre, a coefficient of run-
off of 1, and a rainfall intensity of 1 inch per hour.

1 inch

Q=ACi=lacre X 1 X
1 hour

Q=43560sq ft X 1/12 foot =3630 cu ft
3600 seconds 3600 seconds

Q = 1.008 cubic feet per second

Generdlly, the first point of concentratica is
the Inghest point on or near the structure where
runoff will accumulate, under design conditions,
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to an exteni requiring artificial drainage.
Therefore, the system will begin at this point.
The next point cf concentration will be the next
adjacent point where runoff thus accumulates.
Between the first and second points the system
will be designed to carry the Q which
accumulates at the first point. Betwcen the
second and the third point, it must be designed
to carry the Q which accumulates at the first
two points. Thus, as the system proceeds along
its course, the Q it must be designed to carry
increases, which means that the carrying
capacity of the system must progressivel;
increase as well. The nature of the structure may
require branching trunks, converging at various
points; in a case of this kind, of course, the pipe
beyond a junction box must be designed to
carry the Q brought into the junction box by
the contributing trunks above it.

The maximum quantity of water which will
flow at a given rate through a drain pipe is
controlled by (1) the size of the pipe, (2) the
gradient (slope) of the pipe, and (3) the
classification or type of the pipe. Item 3 is
principally a matter of friction; everything else
being equal, water will flow more rapidly
through smooth-walled concrete pipe (for
example) than it will through corrugated metal
pipe. If the system contains the same type of
pipe throughout, the roughness coefficient will
remain the same for all sections. This coefficient
can be found in tables for pipe made of all the
commonly used materials.

Drain water will flow faster through a steeply
sloped pipe than it will through a pipe that is
nearly horizontal. Therefore, when Q increases
to the point where the flow capacity of the
system must be increased, this may be
accomplished by increasing the slope. The
extent to which this can be done, however,
depends on the circumstances. If the ground is
level and the line is long. a large slope percentage
will soon carry the pipe too far down into the
ground. But if the ground itself slopes
downward, the pipe can be carried indefinitely
at the same downslope.

The flow capacity of pipe increases with the
inside diameter of the pipe. Therefore, the flow
capacity may also be increased by using larger
pipe. If the alternative exists of increasing either
the slope or the diameter of the pipe, the




IToxt Provided by ERI

ENGINEERING AID 1 & C

alternative selected will be, of course, the one
which is cheaper in view o f all the tong-run
circumstances.

All of these considerations influence the
selection of pipe sizes, gradients, and eclevations.
The route followed by the trunk line is also
affected. Normally this route would follow,
more or less, the course from one point of
concentration to the next. However, it is often
necessary or desirable to diverge from this route,
to avoid structures, to take advantage of sloping
ground, to avoid areas of difficult cxcavation, or
for some other reason. When this is the case,
runoff from inlets not located over the trunk is
carried to the trunk by LATERAL or BRANCH
pipelines. A common use of laterals or branches
is to carry runoff from an inlet on one side of a
highway to a trunk located along the opposite
side.

Design Computations

The flow capacity, in cu ft per sccond, of a
given section of pipeline is determined from the
formula aV, a being the section area in sq ft of
the flowing stream and V the velocity of speed
of flow in fps. If it is assumed that the pipe will
flow full, a is the section area inside the pipe
wall. For a 24-in. pipe a is 7 times R?, or 7 times
12, or 3.14 sq. ft.

To determine V you use another formula, as
follows:

V= l.4§36 R23 g 112

The symbol n in this formula is the roughness
coefficient, usually obtained from tables based
on the character and size of the pipe. R (which
stands for HYDRAULIC RADIUS) is
determined by dividing a by the length of the
WETTED PERIMETER. The wetted perimeter is
the portion of the inner circumference of the
pipe which is under water when the stream is
flowing at design maximum. If the pipe is
presumed to flow full, the wetted perimeter is
equal to the circumference. Thercfore, for a
24-in. pipe, flowing full, the wetted perimeter is

X 28 ft. Ris & op 21450 ft, or
2ft X7, or 6.28 ft. R is ks £38 11

0.50 ft. R to the 2/3 power means the cube root
of R?, or the cube root of 0.25, or 0.63.

ERIC

S in the formula means the gradient of the
pipe IN FEET PER FOOT. A 2 percent gradient
means a drop of 2 ft in 100 ft, which in tum
means a drop of 0.02 ft in 1 ft. S to the 1/2
power means the square root of S, which in this
case is the square root of 0.02, or 0.14.

Assume that the roughness coefficient (n) is
0.013. Substituting the known values in the
formula for V (velocity), we have.

1.486
V= mxo.63 X 0.14

If you work this out, you will find that V
comes to 10.01 fps. The flow capacity, then, is
a x V, or 3.14 sq fc x 10.01fps, or 31.43 cfps.

This 15 the flow capacity of a section in which
the gradient and the size of the pipe are given.
The design problem, however, is more likely to
involve determining the gradient and size of the
pipe for handling a predetermined quantity of
runoff. One way of doing this is by first
determining the minimum slopes required for
pipe through a range of sizes, as follows.

Figure 6-5 shows a flow diagram of a storm
sewerline running along a highway. The trunk
begins at inlet 2 and runs through inlets 3 and 6
to the outfall. Inlets 4 and $§ admit runoff to
laterals connected to the boxes at 3 and 6.

The dotted lines show the limits of the
contributing areas for each of the inlets.
Suppose, now, that the Q for each area, under
design conditions, is as follows:

Inlet No. Q (cfs)
1 4.5
2 3.6
3 3.0
4 2.7
5 3.0
6 3.0

The toial Q at the outfall is the sum of these,
or 19.8 cfs. The next problem is to determine
the Q which must be handled by each of the
separate sections (called LINES) in the system.
The line from 1-2 will handle only the Q from
contributing area 1, or 4.5 cfs. The line from
2-3, however, wiil carry the sum of the Q’s from
areas 1 and 2, or 4.5 plus 3.6, or 8.1 c¢fs. The
line from 4-3 will carry only the Q from arca 4,
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Figure 6-5.—Flow diagram inlet of a storm sewerline system.

or 2.7 cfs. But the line 3-6 will carry the Q’s
from arcas 1, 2, 3, nd 4. 0or 4.5 +3.6 +3.0 +
2.7 0r 13.8 fs. The line 5-6 will carry only the
Q from arca 5, or 3.0 efs.

If you add these together, you will find that
the sum is again 19.8 oy cqual, as it should be,
to the previously determined total Q at the
outfall.

The next step is to determine, for each line,
the MINIMUM slope required for pipe ranging
through all the sizes considered feasible. Drdin
pipe is made in sizes from 4 in. to about 108 in.
in diameter. As a rule the use of pipe smaller
than a certdin minimum size (usually about 12-
or 154n.}) is not permitted for storm sewers,
because of the possibility of clogging with
debris. Also, for pipe of a given size and
character, there is wusually a maximum
permissible velocity of flow, beyond which the
pipe would be seriously eroded by the velocity
of the flowing stream. This means that for a pipe
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of a given size and character, the maximum
feasible slope is the slope which permits the
maximum permissible velocity of flow.

The largest pipe to be considered would be
the largest required to carry the total Q at the
outfall at the minimum permissible slope. In
working these design calculations, engineers use
various types of circular slide-rule or graphic
calculators called NOMOGRAPHS, from which
formula solutions may be obtained by
inspection. If you enter one of these with the
roughness coefficient, the size of the pipe, and
the Q for the line, you can determine the
minimum slope for that Q, size of pipe, and
roughnest coefficient by inspection.

Assuming now a roughness coefficient of
0.013 and a total Q at the outfall of 19.8 cfs,
then a nomograph calculation indicates that a
27-in. pipe will carry this Q at a slope of 0.41
percent. Assuming the minimum specified slope
to be 0.5 percent, then 27-in. will be adequate
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for this, minimum specificd slope. and is the
largest pipe that needs to be considercd. Assume
that the smallest permissible pipe is 15-in. Pipe
in ranges from 15-in. to about 30-in. is usually
available in sizes 3-in. apart that is. 135-in.,
18-in.. 21-in.. and so on. Beyond 30-in. the sizes
usually increase in 6-in. increicents.

We are going to determine the minimum
stopes required for pipe from 15-in. to 27:in. for
each of the lines in the system. This data is
entered in & form as follows.

Minimum slope (“¢) for
Following Sizes
Line| Q |15" [ 18" 21" 24" | 27"
(cf’s)

1-2 4.5 10.5 ~ | - - ~
2-3 8.1 (1.6 10.6 {0.26] -

4-3 2.7 1017 - — —

3-6 [13.8 4.6 [ 1.7 | 0.76]0.38] -

5-6 3.0 10.22 — - -

60ut {19.8 19.3 [3.5 | 1.6 [0.77]0.41

This tabulation indicates that. for the Q for
line 1-2. a 15-in. pipe at the flattest permissible
slope is sufficiently large. Theretfore, there is no
point in caleulating the minimum slope for
larger pipe for this line.

For line 2-3, on the other hand, a 15-in. pipe
would have to be pliced at o slope of at least 1.6
percent. If the character of we ground were
stch as ¢S inake this too steep & slope (taking
the pipe too far down in the ground), it might
be more cconomical to use 18-in. pipe, which
would carry the Q at a slope of only 0.6 pereent.
In deciding between these alternatives, the
excavating cost would be weighed against the
increase in price for larger pipe. There are similar
alternatives for line 3-6 and for the outfull line.

In general, a design engineer determines by
studying the profile, what the maximum
possible economically feasible slope is for cach
line in the system. For a long line ninaiing in
relatively level ground, the slope is obviously
more limited that it is for a line running in
ground which slopes in the direction of the line.
However, even wiicii the ground slopes radically
downward, there is & limit beyond which the
pipe may not be cconomicdlly sloped. A slope of
more than this causes the water to attain a
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velocity  which rapidly crodes concrete pipe.
Wiien the engineer las de termined the masmmum
slope which s ceonomically feasible for cach
line, he selects from the table the smallest pipe
capuable of handling the Q for that line at that
slope.

For the determination  of  required
crossssectiondl arcas and capdcitics of” cubverts
for most Theater of Operations roads and
outlying arcas of an airficld. where accurate
computation of runoff is impractic.hle, Talbot's
formula can be uscd. This formula is an
approximate  method for computing the
cross-sectional arca of the proposed pipe cr
culvert. 1t is stated as:

A=C 4,D3

where. A =area of waterway opening in square
feet
C =a cocllicient that depends upon the
slope, shape. and character of arei to
be drained
D = drainage area in acres.

This formula is recommended only for smuall
structures requiring o waterway  opening not
greater than 400 sq ft. In addition, the formula
is intended only for a rainfall intensity of 4
inches per hour for 1 hour o Iess. For locations
having greater intensities than this, the required
opening may be computed by dividing the area
of the drainage structure obtained from the
formula by 4. then the result is multiplied by
the intensity of rainfall to be cape.ted at the
given location. The key to the use of the
formula is the judgment ceacrcised by  the
cngineer in  the Jhoice of 4 value for the
cocfficient “C. Normal values for C are as
follows:

C = 0.2 flat arcas not affected by cumulated
snow, and where the length of the valley
drained is several times the width.

C = 0.35 for gently rolling farmland. where
the length of the valley is about 3 or 4
times the width,

C = 0.7 for rough hilly arcas having mod-

erate slopes,

1.0 for steep barren arcas having abrupt
slopes, and for modetately mountainous
arcis.

~
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The value of the coefficient C is influenced by
the shape of the drainuge area, the side slopes.
the length of the valleys, and the character and
culture of the ground. All of these factors affect
the proportion of runoff and its time of
concentration at the culvert. Therefore, the
engineer must adjust the value of C to suit each
case. The value of C should be increased as the
lengths of the valleys decrease in proportion to
their widths, and vice versa. As side slopes
steepen, C also should increase. Heavy shruyb
growth would decrease the value of C over
cultivated farmland, whereas rocky or barren
slopes would increase the value of C.
Predominately sandy or gravelly soils tend to
decrecase C, whereas heavy clay soils tend to
inerease C. A value of 1.0 is satisfactory for
moderately mountainous terrain, or for
reasonably steep barren areas with abrupt slopes
up to 10 percent. The formula should not be
used for precipitous rocky mountain areas where
C would be greater than 1.0. The drainage areas
may be obtained from the map of the area
involved by planimeter, or by dividing the area
into several triangles and/or rectangles.

Transition Loss

As shown in figure 6-6, the line connecting
the lowest inside points on a pipe in place is
called the INVERT; that connecting the highest
inside points is called the CROWN. The SPRING
LINE lies halfway between .he invert and the
crown.

SPRING LINE SPRING LINE

82.22

Figure 6-6.—Cross-section view of a storm
sewer pipe.
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A point where a sewerline changes pipe size,
direction, or gradient is called a TRANSITION.
A puint where two or more lines converge is also
a transition. Now, at any transition point there
is a loss of energy in the stream flow.

Turbulence in the L-x caused by a change in
direction (either horizontal or vertical) and by
the box structure itself cuts down the rate of
flow. to the extent that the outflowing pipe will
not flow to design capacity.

This type of transition loss is estimated, as
well as it can be, and is usually taken into
account in the design of the outflowing line.
Another type of transition loss is easier to
determine. Figure 6-7 illustrates this type. This
fisure shows a section through a manhole.
Notice first that the pipe is presumed to run to
the manhole centerline, it is actually, of course,
cut off in line with the inner wall of the box.

The specified elevation for a pipe is the
elevation of the invert, and the elevation at a
box means the invert elevation AT THE
CENTERLINE OF THE BOX. Now, at the
manhole shown n figure 6-7, the inflowing and
outflowing pipes are the same size (18&in.).
However, because of an increase in slope in the
outflowing pipe, that pipe, flowing full, allows
the stream to flow at a higher velocity. You can
see that V for the inflowing pipe is 5 fps, while
V for the outflowing pipe is 8 fps.

If the stream, when it reaches the outfiowing
pipe, is still flowing at only 5 fps, the outflowing
pipe will not flow full. Therefore, the box is
designed to step up the flow to the velocity of
which the outflowing pipe is capable. This is
accomplished by DROPPING THE IN-
VERTS—that is, by placing the invert out at a
lower elevation than that of the invert in.

The amount of the drop can be calculated, by
determining the difference in the respective
VELOCITY HEADS of the two pipe:. Velocity
head can be deteninined from the formula_\f. \Y

2g
in this formula is the velocity of which the pipe,
flowing full, is capable; this is determined by
formula as previously explained, or from a
nomograph. The symbol g in the formula means
the force of gravity, which is 32 ft/sec?.

For the pipes shown in figure 6-7 then, the
velocity heads are as follows:
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Inflowing pipe = —8751 =0.39 ft.
Outflowing pipe = —(6;%= 1.00 ft.

The amount of the drop is the difference
between these two, or 0.61 ft. The bottom of
the box would, of course, be filled with cast
concrete or rubble pargetted with mortar, to
channel the stream smoothly from the inflowing
pipe to the outflowing pipe, for the sake of
clearness, this material is omitted in figure 6-7.

The comgutation just described gives you the
amount of invert drop WHEN THE PIPES ARE
OF THE SAME SIZE. When the outflowing pipe
is LARGER than the inflowing pipe, you ADD
the difference in diameters of the pipe to what

the drop would be for pipe of the same size.
Suppose, for example, that in figure 6-7 the
outflowing pipe was 24-in. instead of 18-in. The
difference in diameters here is 6 in., or 0.50 ft,
and the invert drop would be 0.61 ft plus 0.50
ft, or 1.11 ft.

When the outflowing pipe is SMALLER than
the inflowing pipe, you SUBTRACT the
difference in diameters of the pipe from what
the drop would be for pipe of the same size.
Suppose that in figure 6-7 the outflowing pipe
was 15-in. instead of 18-in. The difference in
diameters is 3 in., or 0.25 ft, and the invert drop
would be 0.6 1 minus 0.25, or 0.36 ft.

It may occasionally happen that the
difference in diameters is larger than what the
drop for pipe of the same size ..ould be, thus
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Figure 6-7.—Dropping inverts.
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requining, by computational theory, o nise rather
than a drop for the outflowing pipe invert. Ina
case of this kind (which is rare), you follow a
general rule to the effect that an invert out is
never placed at o higher elevation than an invert
in.

Storm Sewer Route Survey

The character of the route survey for a storm
sewer depends on the circumstances. The nature
of the ground may be such as to indicate,
without the necessity for reconnaissance and
preliminary location surveys, just where the line
must go. This is likely to be the case in a
development arca—that is, an area which will be
closely built up, and in which the lines of the
streets and locations of the buildings have
already been determined. In these circum-
stances, the reconnaissance and preliminary sur-
veys might be said to be done on paper.

It is often the case, on the other hand. that a
line or parts ofit must be run for considerable
distances over rough, irregular country. In these
circumstances the route survey, consists of
reconnaissance, preliminary location, and final
location surveys. If topographic maps of the area
exist, they are studied to determine the general
area along which the line will be run. If no such
maps exist, a reconnaissance party must select
one or more feasible route areas, run random
traverses through these, and collect enough topo
data to make the planning of a tentative route
possible.

After this data has been studied, a tentative
route for the line is selected. A preliminary
survey party runs this line, making any necessary
adjustments  required by  circumnstances
encountered in the field, taking profile
elevations, and gathering enough topo data in
the vivinity of the line to make dJesign of the
system possible.

The system is then designed, and a plan and
profile are made. Figure 6-8 shows a storm sewer
plan and profile. The project here is the
installation of 230 ft of 18-in. voncrete sewer
pipe (CSP), with a curb inlet (CI “A™). The
«omputational length of sewer pipe is always
given in terms of horizontal feet vovered the
actual length of a section is, of vourse, greater
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than the computational length because of the
slope.

The pipe in figure 6-8 is to run downslope
from a curb inlet to a manhole in an existing
sewerline.  The reason for the distorted
appearance of the curb inlet and manhole, which
look n.uch narrower than they would in their
truc proportions, is due to the exaggerated
vertical scale ot the protle. The appearance of
the pipe is similarly distorted.

The pipe to be installed is to be placed at a
gradient of 2.39 percent. The invert elevation of
the outflowing 2l-in. pipe at the manhole is
91.47 ft; that of the inflowing 18-in. pipe is to
be 92.33 ft. Obviously there is a drop here of
0.86 ft. Of this drop, 0.25 ft is due to the
difference in diameters; the other 0.61 ft is
probably due to structural and velocity head
losses.

From the invert in at the manhole the new
pipe will extend 230 horizontal feet to the
invert at the centerline of the curb inlet. The
difference in elevation between the invert
elevation at the manhole and the invert elevation
at the curb inlet will be the product of 2.39 (the
grade percentage) times 2.30 (number of 100-ft
stations in 230 horizontal feet), or 5.50 ft.
Therefore, the invert elevation at the curb inlet
will be 92.33 ft (invert elevation at the manhole)
plus 5.50 ft, or 97.83 ft. The invert elevation at
any intermediate point along the line can be
obtained by similar computation.

The plan shown in figure 6-8 is greatly
simplified for the sake of cleammess—it contains
the bare minimuin of data required for locating
the new line. Plans used in actual practice
usually contain more information.

The plan and profile constitute the paper
location of the line. A final location survey
party runs the line in the field. Where variations
are required because of circumstances discovered
in the field (such as the discovery of a large tree
or some similar obstruction lying night on the
line), the direction of the line is altered and the
new line is tied to the paper location as
previously described for a highway. The final
location party may simply mark the location of
the line and take profile elevations, or it may
vombine the final location survey and the
stakcout (which is part of the construction
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Figure 6-8.—Storm sewer plan and profile.

rather than the route survey} in the same similar to design for a storm system. Only points

operation. in which the systems differ will be meniioned
. here.

Sanitary Sewer Systems First, let’s trace the course of a system from
A sanitary sewer, like a storm sewer, flows the outfall end up to the input end. There are

“downhill,” and design for a sanitary system is still many places where the sanitary sewer
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vutfall is simply « point where taw sewage flows
mto a4 stream, but this situation is being
replaced. as rapidly as possible. by one in which
inland systems outfall into sewage disposal or
treatent  plants.  Systems  in coastal
communities frequently outfall into the ocean.

The outfall s, of course. the lowest point in
the system, and the outfall pipe is the pipe of
largest flow capacity. Following this pipe up, we
come to many other pipes. branching off the
main trunk in all directions, and called By
various names, such as subtrunks, branch trunks,
or branches. These frequently follow the vourses
of streams, because the course of a stream is
always a downhill course.

Branching off frum the subtrunks we find the
street sewerlines, running along the streets on
which the buildings the line serves are located.
The street lines are connected to the buildings
by BUILDING SEWLERS, which in turn are
connected to the WASTE STACKS and SOIL
STACKS in the buildings. A stack is a vertical
line of soil or waste piping, into which a
building’s soil or waste BRANCHES (pipes
running from lavatory drains, shower drains,
water ciosets, and other waste sources) con-
vey liquid and semiliquid waste. A waste stack
is one which conveys waste not containing
human excrement; a soil stack is one which con-
veys waste containing human excrement.

Once the Q for a sanitary system has been
detemined, the pipe is sized and graded much as
storm sewer pipe is sized and graded. A sanitary
system designer is usually dealing with smaller
pipe, however, and there are. of course, no
storm water inlets in a sanitary system.

To help prevent clogging and to facilitate
maintenance, a minimum pipe size is usually
specified which may be larger than is necessary
to carry the design flow at the upper ends of the
system. Typical mi.  wm sizes are 6, 8 and 10
in., and the recommended minimum velocity of
sanitary sewers should be 2 ft per sec (sewer
flowing full).

As the area und number of building
FIXTURES (water cdosets, urinals, ete.) served
by a system increase, the chance of all the
fix tures being in use at the same time decreases,
thercfore, some averaging system is needed to
achieve an cconomical design.
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The design engineer bases his design on the
average daily consumption of water per person
in the area to be served. A typical value > 100
gals per person per day. But the use is not
constant. consttmption is greater in the summer
than in the winter. and  greater during the
morning and evening than it is in the middle of
the day or at night. Therefore, the average flow
(based on  the average consumption) is
multiplied by a PEAK FLOW FACTOR ‘v
obiain the design flow. The peak flow factor is
sometiines varied as the size of an aied increases,
because the larger the arca, the greater the
tendency for the flow to average out.

Typical peak flow factors might range from 4
to 6 for small arcas down to 1.5 to 2.5 for larger
areas. An allowance for infiltration of subsurface
water into the lines is sometimes added to the
peak flow to obtain the design flow. A typical
infiltration allowance is 500 gals per inch of pipe
diameter per mile of sewer per day.

Other Underground Utilities

More and more the advanced bases of the U.S.
Armed Forces are using underground systems
for distribution of water, power and
communication lines. There are several reasons
for this:

1. In areas subject to high winds and storms,
overhead lines can present quite a problem.

2. Landing fields need a clear area without
poles and overhead lines.

3. Areas used for handling and storing of
materials need open spaces for cranes and other
equipment.

4. In case of an enemy attack, the
underground lines would be subject to far less
damage compared to overhead lines.

UNDERGROUND WATERLINES. An un-
derground waterline flows under pressure, rather
than “downhill”” like a storm sewer or sanitary
sewer. Therefore, the matter of gradient is not
relevant to the design problem. Usually a water-
line is simply placed at a uniform average
distance below the surface, called under so many
feet of “cover.” However, it may be the case
that, to avoid other utilities lines in an areq, the
vertival distance of a waterline below the surface
may vary. When this is the case, the system is
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both planned and profiled, otherwise it is only
planned.

As a rule there are no manholes ur similar
boxes in a waterline. There are usually . liowever.,
subsurface meter boses. valve boves. and the
like. All of these are shown in the plan.

The Q for a waterline is the sum of the Qs
required at the consumer end that is, at the
fixtures (such as fire hydrants and faucets)
which coavey water for consumption. The fac-
tors considered in determining pipe sizes include
the Q’s needed, the pressures desired. and the
friction losses, which vary with the size. type.
and length of the line. Formulas which incorpo-
rate these factors are available in engineering
handbooks, and are referred to in sizing the pipe
for a water systen.

Water is carried from the source of supply
acress country by a TRANSMISSION MAIN,

from which DISTRIBUTION MAINS branch off

to the streets where consumer outlets exist, A
building is connected to the distribution main
by a BUILDING SUPPLY LINE. Fire hydrants
on a street are connected directly to the
distribution main. The pipe in a main is usually
much larger than would be recuired to provide
buildings with required amounts of water at
desired pressure; this is because mains must be
sized to provide water, not only for Jdomestic
use, but also for fire protection, industrial use,
and waterfront berthing spaces. The fire Jemand
is usually the determining facter in sizing. As a
general rule, the pipe in a main serving firc
hydrants is not less than 6 in.

UNDERGROUND POWERLINES. Gradient
is also, of course, not a factor in an underground
powerline. Onc of these lines does, however,
have manbholes, in which adjacent sections of
power cable are spliced together. Cable comes
on reels, and the maximum length available on a
reel is 600 ft; therefore, power manholes are
usually located not more than 500 {t apart. The
box on a power manhole is constructed to
provide a minimum of 6 ft of head room, and
usually measures 7 ft long (dimension running
with the cable) by 5 ft wide.

The cable running from one manhole to the
next is passed through a cylindrical. pipe-like
container called a CONDUIT. The inside diame-
ter of conduit runs from 4 in. to about 6 in.

Until recently the type most frequently used
was FIBIER conduit (familiarly called ORANGE-
BURG), made of pressed wood pulp and avail-
able in 8-ft lengths, equipped with PRESSED
SLEEVE COUPLINGS fer joining toge ther. Sim-
ilar conduit, but made of plastic, is now coming
into usc. There is also IRON PIPE conduit. in
10-ft Iengths with threaded joints and asbestos
composition conduit (commonly refered to as
TRANSITE), in 10-t lengths with pressed sleeve
couplings.

Condu ‘'t may be designed for encasement in
concrete (about 3 in. minimum cover usually
specified), or for laying directly in earth without
encasement. A small-diameter wire is threaded
through the sections, from one manhole to the
next, as the conduit is laid in the trench. Later,
when the cable is to be run through the conduit,
the small wire is used to pull a larger PULL
WIRE or PULL ROPE through. The cable is
then pulled through with this one, ecither by
hand with block-and-tackle or by a power winch
on a truck.

Conduit is designed to be as watertight as
possible. Still, however, there is a possibility that
subsurface water may penetrate to the cable,
and some water accumulates inside through
condensation. Therefore, drainage must be pro-
vided for by a downslope, usually specified at a
minimum of | percent. This may be a down-
slope from manhole to manhole. or it may be
toward the manholes from an intermediate high
point in the conduit. The bottom of a manhole
is constructed to drain into a gravel bed. drain
tile, or other suitable arrangement.

Conduit may be laid in a horizontal curve,
from vne manhole to the next, to avoid obstruc-
tions or for some other reason. Because of the
fact that a curve in the conduit increases pull
friction, however, the radius of such a horizontal
curve must be not less than about 40 percent of
the straight-line distance between the manholes.
A dJouble-slope duct (one that drains from the
center toward the manholes) is laid in a vertical
curve, for a curve of this kind, the radius should
equal the length of the straight-line run.

Angular displacement (for curves) limits the
total length of the run between manholes,
because of pull friction. Graphs like the one
shown in figure 6-9 give the maximum runs for
various total angular displacement. Suppose, for
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example, that o conduit run has three hornzontal
displacements of 8°, 20°, and 12°, and two
vertical displacements of 57 and 7°, as indicated
by the chords of horizontal and vertical cunes.
The total angular displacement 1s the sum of all
these. or 52°. the graph indicates that in this
wase the maximum conduit run would be 390 ft.
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Figure 6-9.—Maximum conduit runs for total
angular di.placements.

UNDERGROUND COMMUNICATIONS
LINES. ~Underground communications lines do
not warry the high voltages of underground
powerhnes, thercfore, the conduit for these does
not need to be as substantial. Undergrouasd com
munications lines are usually laid in duct made
of fiber, asbestos composition, or plastic.

The character of the route survey for under-
ground water, power, or communications will
depend on the circumstances. The route to be

followed by the distribution part of an under-
ground powerline will follow the streets on
which the consumer outlets (buildings, street
lights, traffic lights. ete.) are located -therefore,
10 reconidissanee or preliminary location survey
is likely to be necessary. A final location survey
(probably combined with stakeout) will be run
from a paper location. For the transmission part
of a powerline, however, reconnaissance and
preliminary location surveys may be required if
the line runs for a considerable distance over
rough, irregular country. The same is true,
generally speaking, of an underground communi-
cations line.

STAKEOUT AND AS-BUILT SURVEYS

You know that construction surveys include
(1) marking points in the field to guide the
crews who do the work of construction, and (2)
determining the actual horizontal and/or vertical
locations of points as built. We'll call these
operations the STAKEOUT survey and the
AS-BUILT survey, respectively.

The as-built survey consists simply of determi-
ning horizontal and vertical locations of points,
and there should be little about this which you
don’t already know. Also, there is little to be
said about building stakeout which hasn’t al-
ready been said in Engineering Aid 3 & 2.
Therefore, this section will be confined to the
structures which have been mentioned in this
chapter. Here again, the stakeout for an above-
ground utility line (which consists simply of
running a traverse and marking pole or tower
locations thercon) involves nothing new to you.

There is an aspect of as-built and stakeout
surveys which is of particular significance to the
party chief. he must maintain close liaison with
the other crews working on the projeci. Survey
partics work independently on many types of
surveys such as establishing horizontal and verti-
val control, running preliminary lines, shooting
topo, gathering engineering data, and so on. But
in stakcout, the survey party is an integral part
of the construction team. Timing and scheduling
are important, if line and grade stakes have not
been set at the right place and at the right time,
the work of entire construciion crews will be
delay ed. The party chief must also be constantly
aware of the need for replacing stakes which

Q

ERIC

Aruitoxt provided by Eic:




ENGINEERING AID 1 & C

have been knocked vut by design or accident.
Frequently, changes in grade and alignment will
be authorized in the field to best meet the
conditions encountered. These field change
orders will, in many cases. require immediate
computations in the field and revisions to the
stakeout. It is best to obtain, as-built data as
soon as a section of the work is complete. This is
particularly true if field changes have been
made; the press of further construction may
prevent a timely rcturn to the job to obtain the
as-built data, and users of the plans may be
seriously misled in supposing that the construc-
tion conformed to the original drawings.

SEWER STAKEOUT

To stake out a sewer, you obtain data from a
plan and profile which show (1) the horizontal
location of each line in the system, (2) the
horizontal location and character of cach appur-
tenance, (3) the invert elevations at cach appur-
tenance. and (4) the gradient of cach line. You
will also have detail drawings of ecach type of
appurtenance. If appurtenances in the same
category are of different types. you may iden-
tify them by letter symbol,as 'l "A",’’ and so
on. In addition, identification of a particular
appurtenance may be by consecutive number,
as: “"CI"A" #3.7

The stakeout consists of setting Lubs and
stakes to mark the alignment and indicate the
depth of the sewer. The alighment may be
marked by a row of offset hubs and stakes, or
by both offset hubs and a row of centerline
stakes. Cuts may be shown on cut sheets (also
called grade sheets or construction sheets) or
may be marked on the stakes or both. The cuts
shown on the centerline stakes guide the back-
hoe operator or ditcher operator. they are
usually shown to tenths, they generally repre-
sent the cut from the surface of the existing
ground to the bottom of the trench, taking into
account the depth to the invert, the barrel
thickness, and the depth of any sand or gravel
bed. The cuts marked on the stakes next to the
hubs are generally shown to hundredths and
usually represent the distance from the top of
the hub to the invert, these cuts guide the pipe
crew. The use of these cuts in transferring the
information to batte  oards or various types of

1%

offset string lines was described in Engineering
Aid3 & 2

If the survey party stakes only the offsct
hubs. then the construction crew usually sets
centerline stakes for line only and uses the hubs
as a guide for the depth of excavation. The
extent of the stakeout and computations per-
fonined by the survey party, and the correspond-
ing extent of such work done by the construc-
tion crew, depend on the capabilitics of and the
availability of personnel, and the workload. In
any case, hubs and/or stakes are gencrally set at
25-ft intervals, though 50-ft and cven 100-ft
intervals have been known to suffice.

Sewer hubs are usually offset from 5 to 8 ft
from the centerline. Before you enter the field,
you compute from the profile the invert eleva-
tion at every station where you will set a hub.
Consider figure 6-10, for example. This is a plan
showing ua line running from a curb inlet through
two manholes to an outfall. The dotted lines arc
offsets (greatly exaggerated for clearness) to
points where you will set hubs. Note that at
stations 5 + 75 and 1 + 70.21 you set two hubs,
one for the invert in and the other for the invert
out.

The invert elevations at the appurtenances are
given on the profile. Suppose that the invert out
at CI "A" #2 is 122.87 ft. The gradient for this
pipe is 2.18 percent. Station 8 + 50 lies U.50
station from CI"A" #2, therefore, the invert
elevation at station 8 + 50 is 122.87 ft minus
(0.50 X 2.18), or 122.87 ft minus 1.09, or
121.78 ft. You compute the invert elevations at
the other intermediate stations in the same
manner.

Suppose now that you are starting the stake-
out at CI "A" #2. The final location party left a
centerline stake at this station. You occupy this
point. turn 90 degrees left from the line to MH
“A” #1, and measure off the offset—for exam-
ple, 8 ft. This presumes that, if the ground
slopes across the line, the high side is the side on
which the hubs are placed in figure 6-10. Hubs
are always placed on the high side, the reason
being to prevent them from being covered by
earth dozed off to form a bench for the
trench-digging rig.

You drive a hub 8 ft offset from station 9 +
00, and determine the clevation of the top of
the hub. The vertical distance from the top of
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Figure 6-10.—Sewer stakeout plan.

the hub to the invert at station 9 + 00 is the
difference between the invert clevation and the
elevation of the top of the hub. The invert
elevation at station 9 + 00 is 122.87 ft. Suppose
the elevation of the top of the hub is 126.94 ft.
Then you would mark the guard stake for this
hub: “CI "A" #2 inv. C 4.07'.” Suppose the
elevation of the top of the hub driven at station
8 + 50 was 127.33. The invert elevation at this
station is 121.78; therefore, you would mark the
guard stake for this station, 8 # 50, C 5.55".”

The manner in which the constructors will use
these hubs to 2 the trench to grade will vary
according to the preference of the supervisor for
one of several methods. One method involves
the erection of a batter board across the trench
at each hub. The top of each board is placed on
the posts at a set distance above invert eleva-
tion—for example, 10 ft. Figure 6-11 illustrates
this method.

Take station 9+00 in figure 6-10, for example.
The elevation of the top of the hub is 126.94 ft
and the invert elevation is 122.87 ft. To be 10 ft
above invert elevation, the top of the batter
board must be placed on the post 5.93 ft above
the top of the hub. Tc get this distance the field
constructor would simply subtract the specified
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cut from 10 ft. At station 8+50, for example,
the height of the top of the batter board above
the top of the hub would be 10 - 5.55, or 4.45
ft.

The offsct is measured off from a point
directly above the hub along the batter board; a
mark here is directly over the center of the
pipeline. Battens are nailed on the batter board
to indicate sewer centerline alignment. A string
is stretched and tacked along these battens; this
string indicates the horizontal location of the
line, and it follows the gradient of the line, but
at a distance of 10 ft above the invert. The
amount of cut required to be taken out at any
point along the line can be determined by
setting a measuring pole alongside the string. If
the string indicates 8.5 ft, for example, another
1.5 ft of cut must be taken out.

Comers of rectangular appurtenance boxes
are staked out much as building corners are
staked out. For a box located where a line
changes direction, it may be desired that the
centerline of the box bisect the angle between
the lines, as described for a tower. The box for a
curb inlet must be exactly located with respect
to a street curb to be constructed in the future;
therefore, curb inlets are usu.ily staked out with
reference to the street plan rather than with
reference to the sewer plan.

UNDERGROUND DUCT
SYSTEM STAKEOUT

The stakeout for an underground powerline is
similar to that for a sewer. For the ducts, cuts
are measured to the elevation prescribed for the
bottom of the duct, plus the thickness of the
concrete encasement, if any. In an underground
power system, the bottom of the manhole is
usually about 2 ft below the bottoms of the
incoming and outgoing ducts. Power and com-
munications manholes are often combined, fig-
ure 6-12 shows plan and section views of a
standard combination power and communica-
tions manhole.

Conduit and cable connections to buildings,
street lighting systems, traffic light systems, and
the like, are low-voltage SECONDARY lines.
Duct connections from main-line manholes run
to small subsurface openings called HAND-
HOLES on the secondary line. The handhole
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contains connections for takeoff to the con-
sumer outlet. Figure 6-13 shows plan and
section views of a handhole.

AIRFIELD SURVEYS

Airficld construction is of a special kind, for
this reason, it is discussed here under separate
heading.

AIRFIELD TERMINOLOGY

It is advisable at first to present a lict of
definitions of some of the terms frequently used
in this highly specialized work. Figure 6-14 is a
plan view of a small advanced-base field. A field
of this type is constructed for operational use in
a combat area; it contains a minimum of
servicing facilitiec and is not intended for perma-
nent occupancy. Some of the terms shown are
defined as follows:

APPROACH ZONE is a trapezoidal area
established beyond the end zone at each end of
a runway. The approach zone must be free of
obstructions on the plane of a specific GLIDE
ANGLE.

APRON is a stabilized, paved or metal plank-
surfaced area, designed for the temporary park-
ing of aircraft other than at hardstands. Aprons
are classified as SERVICE, WARM-UP, and
PARKING.

END ZONE is a cleared and graded area that
extends beyond each end of the runway. The
dimensions of the end zone depend upon the
safety clearances specified by the design criteria
for advanced base airfields.

GLIDE ANGLE is the angle between the
flight path of an airplane during a glide for
landing or takeoff and a horizontal plane fixed
relative to the runway. The glide angle is
measured from the outer edge of the end zone.

HARDSTAND is « stabilized, paved or metal
plank-surfaced parking area, of sufficient size
and strength to accomodate a limited number of
aircraft. Hardstands are usually dispersed over
the ground area beyond the safety clearance
zones of a landing strip. They provide protection
for aircraft on the field by dispersal, conceal-
ment, and revetment.

4
)




Chapter 6~CONSTRUCTION AND LAND SURVEYS

DUCT

/TELEPHONE AND SIGNAL SECTION
2" PIPE SLEEVE X

gt X \\\
L/ @—7 80 DUCT N N

DETAIL OF A
PULLING-IN 'RON

DUCT

—=
L E3]
7 PLAN
B TYPICAL CABLE RACK
ARRANGEMENT OF CABLE RACKS
FOR FULL CAPACITY OF MANHOLE
PR G T »  BRICK COLLAR
{ FrrrIrtt LINED UP WITH
22—t 1T T 4_ | CEMENT MORTAR
1 ) ST B O P
4'-\__[ s
T
DB il 1 | REINFORCING For
Louf 12| 1 || TELEPHONE & SIGNAL
! #i 1| 14l SECTION SAME AS FOR
'C‘-'i 4 Tl eieHT & POwER
i SECTION
PITCH 11 IN 3! TO DRAIN |1 RATED"-~ iy T
4 covsal N 8
. Ky
LADDER: 1:—/; SSPRGTT | 2" PIPE SLEEVE (DRAIN)
.1 Lot Y " : A .
21 4"x9/16'"x3/ 16" B 2 c.1. [EDRAIN PIPE
5/8"'-RUNGS-12" 0.C. 0" I 1/3 CU. YD.
WIDTH 12" INSIDE &* CRUSHED ROCK
7/8%cH PULLING-IN IRON E-‘ GROUND ROD AND CL AMP
SECTION " A-A"!
N+ I: NUMBER AND LOCATION OF DUCTS TO BE AS

INDICATED ON THE PROJECT DRAWINGS

Figure 6-12.—Standard combination power and communication manhole.
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Figure 6-13.—~Handhole.

LANDING AREA is the paved portion, or
runway, of the landing field. The landing area
should have unobstructed approaches and
should be suitable for the safe landing and
takeoff of aircraft under ordinary weather con-
ditions.

LANDING STRIP includes the landing area,
the end zones, the shoulders, and cleared areas.

REVETMENT is a protective pen usually
made by excavating into the side of a hill or by
constructing an earth, timber, sandbag, or
masonry traverse around the hardstands. Such
pens provide protection against bomb fragments
from high-altitude bombing but provide little
protection against ground strafing. They may
actually draw this type of fire if not well
concealed.

RUNWAY is that portion of the landing strip,
usually paved, where the aircraft actually land
and take off.

SHOULDER is the graded and stabilized area
adjacent to the runway or taxiway. Although it
is made capable of supporting aircraft and
auxiliary equipment (such as crash trucks) in

emergencies, its principal function is to facilitate
surface drainage.

TAXIWAY is a specially prepared area over
which aircraft may taxi to and from the landing
area.

TRANSITION SURFACE is a sloping plane
surface (about 1 rise to 7 run) at the edge of a
landing strip. Its function is to provide lateral
safety clearance for planes which accidentally
run off the strip.

PLANNING AN AIRFIELD

Planning for aviation facilities requires special
consideration of the type of aircraft to be
accommodated; physical conditions of the site,
including weather conditions, terrain, soil, and
availability of construction materials; safety
factors such as approach zone obstructions and
traffic control, the provision for expansion, and
defense. Under wartime conditions, there are
also tactical considerations. All of these factors
affect the number, orientation, and dimensions
of runways, taxiways, aprons, hardstands, hang-
ars, surfacing materials, and other facilities.
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AIRFIELD ROUTE SURVEY

The “route” for an airfield is the hoiizontal
location of the runway centerline; if there is
more than one ninway, there is, of course, more
than one “‘route.”” The principal consideration
with regard to the direction of a rmunway
centerline is the average direction of the prevail-
ing wind in the area, since planes must take off
irito the winet. The azimuth of the centerline will
be as ne.tly as possible the same as the average
azimuth of the prevailing wind. A swdy of the
meteorological conditions is therefore a part of
the reconnaissance survey. Other data gathered
on this survey (which may be conducted on
foot, by ground surface vehicle, by plane, or by
all three) includes the land formation, erosional
markings. vegetation, configuration of drainage
lines, flight hazards, approach zone obstructions,
and soil types.

From the reconnaissance data, one or more
preliminary centerhines are selected for location
by preliminary survey. For quick preliminary
stak=out there may be two parties, working away
from station 0 + 00 located at the approximate
midpoint of the centerline. In a case of this
kind, stations along the azimuth may be desig-
nated as plus and those along the back azimuth
as minus.

Level parties follow immediately behind the
transit parties, taking profile levels and cross-
sections extending the width of the strip, plus an
overage for shoulders and drainage channels.
From the preliminary survey data, a plan and
profile arc made of each tentative lccation, and
from these a selection of a final location is
made.

AIRFIELD STAKEOUT

Airfield ninways, taxiways, hardstands, and
aprons are staked out much as a highway is
staked out. There are, however, certain special
considerations applying to approach zones.

You recall that an approach zone is a trape-
zoidal area beyond the end zone at each end of a
runway, to be free of obstruction on a specific
glide angle. The size of the approach zone
depends on the type and stage of development
of the field for permanent naval air stations the
trapezoidal area might be 10,000 ft long, with a

172
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width of 1,500 ft at the outer end. For purposes
of explanation only, we’ll assume that these are
the dimensions of the approach zone for which
you are surveying.

The glide angle for most types of aircraft is 2
pereent, usually given as 5S0:1, or a rise (or drop)
of 1 vertical for 50 horizontal. Figure 6-15
shows, in plan, profile, and isometric, an ap-
proach zone and its adjacent transition surfaces
and end of runway. You must stake out this
approach zone and check it for clearance, by the
foiluwing procedure:

Figure 6-16 shows the approach zone in plan.
The dotted line BC lies 750 ft from the
centerline, The angle at B can be determined by
solving the triangle C8D; tan B = 1250/10,000,
or 0.125000; therefore, angle B measures
7°7'30". Determining the distance from the
dctted line to the edge of the approach zone at
any station is similarly a simple right-triangle
solution. Suppose that AB is located at station 0
+ 00. Then at station 1 + 00 the distance from
the dotted line to the edge of the approach zone
is 100 tan 7°7'30", or 100 (0.125), or 12.5 ft.
Therefore, the distance between the centerline
and the edge of the approach zone at this station
is 750 + 12.5, or 762.5 ft.

To check for obstructions, you must set up a
transit at the narrow end of the approach zone,
set the telescope at a vertical angle equal to that
which the glide plane makes with the hoyvizental,
and take observations over the whole approach
zone as indicated in figure 6-17. Determining the
vertical angle is a simple right-triancle solution.
If the glide angle is 50:1, then te tangent of the
*ertical angle is 1/50, or 0.020000, and the angle
mncasures 1°8'50".

Figure 6-17 shows how the exact vertical
location of the glide plane varies with the
character of the surface of the end zone.

WATERFRONT SURVEYS

Under some circumstances it is possible to
chain distances over th: water however, it is
usually more convenient to tiiangulate offshore
distances from a shore base line. No matter how
you get offshore distances, however, offshore
points cannot be marked like ground points with
hubs or stakes. Therefore, v the location of
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Figure 6-15.—Runway approach zone.
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offshore points there must usually be coordina-
tion between a suney party on the beach and @
party afloat.
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Figure 6-16.~Plan view of approach zone.

OFFFSHORE LOCATION
BY CHAINING

Figure 6-18 shows a situation in which off-
shore locations of piles for a wharf were
determined by chaining. We'll call each series of
consecutive piles running offshore a “line” and
cach series running parallel to the shore a “row.”
Alignment for each line was obtained by transit.
sct up on a shore base line offset froin the

L 169

inbuard row of piles. In ¢ach line the distance
from one pile to the next was chained. as shown.

In figure 6-18 the lines are perpendicular to
the base line, which means that the angle turned
from the base line was 90° and the distance
from one transit sctup to the next was the same
as the prescribed distance between lines. If the
lines were not perpendicular to the base line,
both the angle turned from the basc line. the
distance from one transit setup to the next,and
the distance from the base line to the first offshore
pile in each line would have to be determined.

Cousider figure 6-19, for example. Here the
angle between each line and the base line (either
as prescribed or as measured by protractor on a
plan) is 60°40’. You can determine the distance
between transit setups by solving the triangle
JAB for AB, JA being drawn from transit setup
B perpendicular to the line from transit setup A
through piles 1. 2, 3, 10, 16, and 25. AB
measures 50fsin  60°40', or 50/0.87178, or
57.35 ft. This. then, is the distance between
adjacent transit setups on the base line.

The distance from the basc line to the first
offshore pile in any line may also be determined
by right-triangle solution. For pile #1 this
distance is prescribed as 50 ft. For piles 2, 3, and
4. first solve the triangle A2L for 2L. which is
100/tan 29°20°, or 100/0.56193. or 177.95 ft.
The distance from 2 to Q is 150 ft: therefore,
QL mecasures 177.95 - 150. or 27.95 ft. QD
amounts to  27.95/tan 60°40’ .or
27.95/1.77955. or 15.71 ft. Therefore, the
distance from transit setup D to pile #8 is 50 +
15.71, or 65.71 ft. Knowing the length of QL
and the distance from 3 to Q, you can determine
the distance from 3 to Q. you can determine the
distance from setup point B to pile 3 by solving
the right triangle LB3 for B3.

You can determine the distance E9 by solving
the right triangle MSA and proceeding as before.
You can determine the distance F15, G22. and
H23 by solving the right triangle AN10 and
proceeding as before. For pile #24 the distance
124 amounts to 50 tan 29°20’, or 50(0.56193).
or 28.10 ft.

OFFSHORE LOCATION
BY TRIAHIGULATION

For piles Tocated farther offshore, the triangu-
iation method of lowation is preferred. A pile
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location diagram is shown in figure 6-20. It is
presumed that the piles in section X will be
located by the method just described, while
those in section Y will be located by triangula-
tion from the two control stations shown.

The base line measures (1038.83 - 443.27), or
595.56 ft, from control station to control
station. The middle line of piles runs from
station 7 + 41.05, making an angle of 84° with
the base line. The piles in each bent are 10 ft
apart, bents are identified by letters and piles by
numbers. The distance betwee. adjacent transit
setups in the base line is 10/sin 84°, or
10/0.994522, or 10.05 ft.

Bents are located 20 ft apart. The distance
from the centerline base line transit setup at

181

175

82.32

Figure 6-17.—Approach clearance for different types of end zones.

station 7 + 41.05 to pile £#3 is 70 ft. The
distance from station 7 + 51.10 to pile #2 is 70
+10 tan 6°, or 70 + 10(0.105104), or 70 + 1.05,
or 71.05 ft. The distance from station 7 +61.15
to pile #1 is 71.05 + 1.05, or 72.10 ft. The
distance from station 7 + 31.00 to pile #4 is
"0-1.05, or 68.95 ft, that from station 7 + 20.95
to pile #5 is 68.95 - 1.05, or 67.90 ft.

You can determine the angle you turn, at a
centrol station, from the base line to any pile
location, by triangle sulution. Consider pile #61,
for example. This pile s locate, (240 + 72.10),
or 312.10 ft from station 7 + 61.15 on the base
line. Station 7 + 61.15 is located (1G38.83 -
761.15), or 277.68 ft from control station 10 +
38.83. The angle betw:zen the line from station 7
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Figure 6-18.—Offshore location by chaining.

First solve for b by the law of cosines, in which
b2 =a? +¢? - 2ac cos B, as follows:

b2 = 312.10% + 277.68% - 2(312.10)(277.68)
cos B

The cosine of an angle larger than 90° is the
same as minus the cosine of its supplement;
therefore, the cosine of 96° is the same as minus
the cosine of 84°, or - 0.10453. So row we
have:

b2 =312.102 +277.682-2(312.10)(277.68)
(-0.10453)

b? =97406.41 + 77106.18 + 18117.96

b2 = 192630.55

82.34 b =v192630.55 = 438.89 ft.

Figure 6-19.—-0ffshore locations in ‘ine oblique
to the base line.

Knowing the length of b, you can now
+ 61.15 through pile #61 and the base line determine the size of angle A by the law of
measures (180° - 84°), or 96°. Therefore, you sines. Sin A = 312.10 sin 84°/438.89, or 312.10
are dealing with the triangle shown in figure (0.99452)/438.89, or 0.70699. This means that
6-21. You want to know the size of angle A. angle A measures, to the nearest minue, 45°.
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CONTRCL %TA
10+388

Al-5
B 6-10
cit-15

To determine the direction of this pile from
control station 4 + 43.27, yc.. would solve the
triangle shown in figure 6-21. The length of side
¢ equals the distance along the base line from
control station 4 + 43.27 to station 7 + 61.15;
the length of side a equals the distance from
station 7 + 61.15 to pile #61. You would solve
for side b as follows:

b? = 312.10%2+317.882-2(312.10)(317.88)(cos
84°)

b2 = 97406.41 101047.69-(198357.12)(0.104523)
b? =198454.10- 20733.87

b? =177720.23

b =4177720.23=421.56 ft.

You would solve for angle D as follows:

74105

CONTROL STA
4+4327

SECTION
Y

Owr O=NO=— Q= OO =f} O — 0 — O O-
4

Ov=Ov=0O==

82.6

Figure 6-20.—Pile location diagram.

312.10 sin 84° _ 312.10(0.99452) _
421.56 421.56

sin D =
0.73646

Angle D, then, would measure 47°26". It
would probably be necessary to locate in this
fashion only the two outside piles in each bent;
the piles be.ween these two could be located by
measuring off the prescribed spacing on a tape
stretched between the two. For the direction
from control station 10 + 38.83 to pile #65 (the
other outside pile in bent M) you would solve
the triangle shown in figure 6-22 as follows:

b2=307.902+317.88%-2{307.90}(317.88)(-0.10453)
b? = 94802.41 + 101047.69 + 20461.80

b =216311.90

b =4/216311.90= 465.09 ft.
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CONTROL STA
10+38 83 STATION

A 746115

CONTROL STA
4+43.27

D

C
PILE NO 61
82.151
Figure 6-21.—Trigonometric solution for pile #61.
sin A = 307.90(0.994522) = 0.658388 For each control station a PILE LOCATION
465.09 SHEET like the one shown in figure 6-23 would
be made up. If desired, the direction angles for
Angle A=41°10' the piles between #61 and #65 could be
computed and inserted in the intervening spaces.
CONTROL StaA.
10.+38.83 DREDGING SURVEYS

A - 317.88' ¢
\W+§o.as The excavation of material in underwater
areas is called DREDGING, and a DREDGE is

an excavator afloat on a barge. A dredge may get

963 itself into position by cross-bearings, taken from
\— the dredge on objects of known location on the
¢ 8
5 TRANSIT A” CONTRO. STA 10+38.83
" BENT | PILE # | BS STATION | ANGLE FROM 8BS | REMARKS
6: 7+ 6115 45° 00’ L RIGHT
62
M 63
64
PILE # 6% | 65 7+6115 41°10° L RIGHT
8238 82.39

Figure 6-22.—Trigonometric solution for
pile #65.

Figure 6-23.—Pile location sheet.
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beach, or by some other piloting method. Many
times, however, dredges are positioned by survey
triangulation. The method of determining diree-
tion angles trom base line control points is the
same as that just described.

EARTHWORK COMPUTATIONS

The computation of carthwork volumes is a
feature in nearly all construction surveys
especially in highway and airficld constnuction.
The computation of earthwork for airfield con-
struction is similar to that of a highway. The
earthwork procedures for highways were dis-
cussed in Engine-ring Aid 3 & 2, the computa-
tion of volumes by the average-end-area method,
the contour method, and the prismoidal method
were explained.

A highway designer’s concern is economy on
earthwork. He wants to know eaactly where,
how far, and how much carth to move in 4
section of road. The ideal situation is to balance
the cut and fill and limit the haul distance. The
technique for balancing cut and fill, and deter-
mining the economical haul distance, is by the
MASS DIAGRAM mcthod.

MASS DIAGRAM METHOD

The mass diagram is a graph or curve on
which the algebraic sums of cuts and fills arc
plotted against linear distance. Before these cuts
and fills are tabulated, the swells and compac-
tion factors are considered in coniputing the
yvardage. Earthwork that is in-place will yield
more yardage when excavated and less yardage
when being compacted. An example of this is
sand. 100 cubic yards in-place yields 111 cubic
yards loose and only 95 cubic yards when
compacted. Sce table 6-2 of soii conversion
factors. These factors should be used when
preparing a table of “cumulative yardage™ for a
mass diagram. Cuts are indicated by a risc in the
curve, and are considered positive. fills are
indicated by a drop in the curve, and are
considered negative. The yardage between any
pair of stations can be determined by inspection.
This feature makes the mass diagram a great help
in the attempt to balance cuts and fills within
the limits of economic haul.

The limit of economic haul is reached when
the cost of haul and the cost of excavation
become equal. Beyond that point it is cheaper to
waste the cut from one place, and to fill the

Table 6-2.~Soil Conversion Factors (Conversion Factors for Earth-Volume Changa}

Converted to )
Soil Type Soil condition initially
In-place Loose | Compacted

In-place -« -=-~--- 1.00 .11 0.95
Sand ---------osm-mmoooo- LOOSe- = = = == == = - - .9¢ 1.00 .86
Compacted ------- 1.05 i.17 1.00
In-place - ------- - 1.60 1.25 0.90
Loam --=----cwcoccenonoonoo Loose-~-----en-- .80 1. 66 .12
Compacted ------- 1.11 1.39 1.00
In-place - ----=-~- 1.00 1.43 0.90
Clay -~-~--- R b Loose----------- .70 1.00 .63
Compacted ----- -~ 1.11 1.59 1.00
In-place ---=-~~--- 1.00 1.50 1. 30
Rock (blasted) -----w--mu---- Loose --~------- .67 1.00 .87
Compacted ------- L 1.15 1. 00
In-place »--=------ 1.00 1. 50 1.30
Hard coral ~-----------c--- Loose -~--------~ . 67 1.00 . 87
Compacted -----~-- L7 1.15 1.00

143.117
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adjacent hollow withh matenal takea from a
nearer borrow pit. The linit of economic haul
will, of course, vary at different stations on the
project. depending on the nature of the terrain,
the avalabthity of equipment. the type of
material. accessibility, availability of manpower,
and other considerations.

There exsts what is called « FREE-HAUL
distance—that is, a distance over which it is
considered that hatl involves no extra cost. This
distance is usually taken to be about 500
ft—meaning that it is only for hauls longer than
500 ft that the limits of economic haul need to
be considercd.

Tabulating Cumulative Yardage

The first step in making a mass diagran s to
prepare a TABLE OF CUMULATIVE YARD-
AGE like the one shown in table 6-3. Under
“End Arcas” you put the cross-section area at
cach station—sometimes this is cut. sometimes
fill, and sometimes (as at station 9 + 00 and 15 +
00) part cut and part fill. Under “Volumes” you
put the volumes of cut and/or fill between stations,
computed from the average end areas and the
distance between sections, in cubic yards. Note
that. besides the sections at each full station,
sections are taken at every plus where both the
cut and the fill are zero. Note also that cut
volumes are designated as plus, fill volumes as
minus.

Under *Algebraic sums volumes, cumulative™
you put the cumulative volume at each station
and each plus, computed in cach case by
determining the algebraic sum of the volume at
that station or plus and the preceding cumula-
tive total. For vxample: at station 8 + 00 the
cumulative total is- 563. At station 9 + 00 there
1s a volume of cut of + 65 and a volume of fill of
- 305, making a net of - 240. The cumulative
total at station 9 + 00, then, is (-563) + (-240),
or-803.

Plotting Mass Diagram

Figure 6-24 shows the values from the table
of cumulative yardage plotted on a mass dia-
gram. The verticul coordinates are cumulative
volumes, plus or minus from a LINE OF ZERO
YARDAGE, cach horizontal line representing an

increment of’ 290 cu yds. The horizontal coordi-
nates are the stations, cach vertical line repre-
senting a full 100-ft station.

As you can see, the mass diagram makes it
possible for you to determine, by inspection, the
yardage of cut or fill lying between any pair of
stations. Between siation 0 + 00 and station 3 +
50, for example, there are about 800 cu yds of
cut. Between station 3 + 50 ard station 7 + 00
there are about 800 cu yds of fill (ldescending
curve). Between station 7 + 00 and station 10 +
50 there are about 850 cu yds of fill (curve still
descending). an:i so on.

Remember that sections where the volume
(yardage) changes from cut to fill correspond to
a maximum in the mass diagram curve, and
sections where it changes from fill to cut
correspond to a mini num. The peaks and the
lowest points of the mass diagram, which repre-
sent the maximum or minimum yardage, vccur
at, or near, the gradeline on the profile.

Balancing Cuts and Fills

To understand the manner in which the mass
diagram is used to balance cuts and fills and how
haul limit is determined, let us examine figure
6-24. Here the profile of a road, stations 0 + 00
to 20 + 00. has been plotted above the mass
diagram. You can sece that they are plotted on
the same horizontal scale. The labeled scctions
and arrows on the profile show relatively what is
to be done to the cuts and fills, and where the
limit of economical haul is exceeded, the cut is
wasted, and the fill is borrowed.

In figure 6-24, a 500-ft haul limit line has
been inserted into the mass diagram curve above
and below the lines of zero yardage (the 500-ft
distance is laid out to scale horizontally paralicl
to the line of zero yardage). The terminal points
of these haul limit distances were projected to
the profile curve as indicated. You can see that
the cut lying between stations 1 + 00 and 3 + 50
can be hauled economically as far as station 6 +
00, that lying between stations 10 + 50 and 13 +
00 as far as station 8 + 00, and that lying
between stations 14 + 00 and 16 + 50 as far as
stacon 19 + 00. This leaves the cut between
stations 0 + 00 and 1 + 00, the fill between
stations 6 + 00 and 8 + 00, the cut between
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Figure 6-24.—Profile and mass diagram.

stations 13 + 00 and 14 + 00, and the fill
between staticns {2 4+ 00 and 20 + 00.

As indicated in figure 6-24, the cut between
stations 0 + 00 and 1 + 00, lying ouiside the
limit of economical haul distance, would be
wasted; that is, dumped into a nearby spoil area
or ravine. The cut between stations | + 00 and 3
+ 50 would be dumped into the adjacent fill
space between stations 3 + 50 and 6 + 00. The
fill space between stations 6 + 00 and 8 + 00
would be filled with borrow, that is, material
taken from a nearby borrow pit. The fill space
between stations 8 + 00 and 10 + 50 would be
filled with the cut betweea stations 10 + 50 and
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13 + 00, and the space between stations 16 + 50
and 19 + 00 would be filled with cut lying
between stations 14 + 00 and 16 + 50. You will
notice that the haul limit on the last section of
the mass diagram (between stations 14 + 00 and
19 + 00) is almost on the line of zero yardage.
This haul limit .listance is also called the balance
line, because the volume of cut is equal to the
volume of fili. If, for example, the balance line
on the last section of the mass diagram in figure
6-24 is only about 400 ft, then instead of
wasting the cut between stations 13 + 00 and 14
+ 00, you would use that to fill the hollow
between stations 19 + 00 and 20 + 00. Surplus
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Table 6-3.—Table of Cumulative Yardage

CUMULATIVE YARDAGE
SraTIOn END AREAS (FT?) VOLUMES (YD ?) ALGEBRAIC SUMS
cuT FILL cuT FILL VOLUMES, CUMUL AT IVE
0+ 00 186 0 -— -— 0
| +00 65 0 +465 - +465
2 +00 44 0 +202 -— +667
3 +00 22 0 +122 - +789
3450 0 0 +20 — +809
4 + 00 0 22 -——- -20 + 789
5 + 00 0 44 - -122 +667
6 + 00 0 65 - -202 +465
7 +00 0 186 - - 465 0
8 + 00 0 19 - -563 -563
9 + 00 35 46 + 65 - 305 -803
9408 0 0 +5 -7 -805
10 + 00 0 22 - -37 -842
10 +50 0 0 - -20 - 862
Il + 00 22 +20 -—- -842
12+ 00 a4 r122 - -720
13+ 00 87 + 242 --- -478
14+ 00 218 43 +563 -80 5
15+ 00 64 22 +52] -179 +406
15+07 0 0 +8 -8 +406
16 + 00 32 0 +55 — +46l
16 + 50 0 +30 - +4 9]
17 +00 32 -—- -30  +461
18 + 00 61 - -172 +289
19 + 00 157 - - 405 -6
20+ 00 90 T 95 +166 - 466 -416
82.47
182
168
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cut remaining would naturally be wasted after
allowing for shrinkage in the filled spaces.

LAND SURVEYS

Land suncying includes surveys to locate and
monument the boundaries of a property, prepd-
ration of a legal description of the limits of a
property and of the area included. preparation
of a property map. resurveys to recover and
remonument property comers, and surveys o
subdivide property.

It is sometimes necessary to retrace surveys of
property lines, to reestablish lost or obliterated
corners, and to make ties to property lines and
corners. For example, a retracement survey of
properey lines may be required to assure that the
military operation of quarry excavation Jues not
encroach on adjacent property where excavation
rights have not been obtained. Similarly, an
access road from a public highway to the quarry
site which crosses privately owned property
should be tied to the property lines that are
crossed so that correctly executed easements can
be obtained to cross the tracts of private
property.

EAs may be required to accomplish property
surveys at naval activities outside the continental
limits of the Umted States for the construction
of naval bases and the restoration of such
properties to property owners. The essentials of
land surveying as practiced in various countries
are similar in principle. Although the principles
pertaining to the surveys of public and private
lands within the United States are not neces-
sarily directly applicable to foreign countries, a
knowledge of these principles will enable the EA
to conduct the survey in a manner required by
the property laws of the nation concerned.

In the United States, land surveying is a
survey conducted for the purpose of ascertaining
the correct boundaries of real estate property

for legal purposes. In accordance with Federal
and States laws, the right and/or title to landed
property in the United States can be transferred
from one person to another only Ly means of a
written document, commonly called a DEED.
To constitute a valid transfer, a deed must meet
a considerable number of legal requirements,
some of which vary in different states of the

Union. In all the states, however, a deed must
contain an accurate description of the bound-
aries of the property.

A right in real property need not be complete,
outright ownership (called ownership in FEE
SIMPLE.) There are numerous lesser rights, such
as LEASEHOLD (right to occupancy and use for
a specified terr.t) or EASEMENT (right to make
certain specified use of property belonging to
someone else). But in any case, a valid transfer
of any type of right in real property usually
involves an accuratc\dgscription of the bound-
aries of the property.

As mentioned previously, the EA may be
required to perform various land surveys. The
EAl, as survey team or crew leader, must have a
knowledge of the principles of land surveys in
order to plan his work accordingly.

PROPERTY BOUNDARY
DESCRIPTION

A parcel of land may be described by METES
AND BOUNDS; by giving the coordinates of the
property corners with reference to the PLANE
COORDINATES system; by a deed reference to
a description in a previously RECORDED
DEED; or by references to block and individual
property numbers appearing on a RECORDED
MAP.

By Metes and Bounds

When a tract of land is defined by giving the
bearings and lengths of all boundaries it is said
to be described by METES and BOUNDS. This
is an age-old method of describing land and still
forms the basis for the majority of deed descrip-
tions i the eastern states of the U.S., and in
many foreign lands. A good metes-and-bounds
description starts at a point of beginning which
should be monumented and refeienced by ties
or distances from well established monuments or
other reference points. The bearing and length
of each side is given in turn around the tract to
close back on the point of beginning. Bearing
may be true or magnetic grid, preferably the
former. When magnetic bearings are read, the
declination of the needle and the date of the
survey should be stated. The stakes or monu-
meints placed at each co.  ~should be described
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to ard i therr recovery m the future. Ties from
comer monuments to witness points (trees,
poles, boulders, ledges. or other semipermanent
or permanent objects) are dways helpful in
relocating vorners, particularly where the corner
marhers themselves lack permanence. In tim-
bered country, blazes on trees on or ddjacent to
a boundary line are most useful in recstablishing
the line at a future date. It is also advisable to
state  the names of abutting property owners
along the several sides of the tract being de-
scibed. Many metes-and-bounds descriptions
fal to include all of these particulars and are
frequently very Jifficult to retrace or locate in
relation to adjoining ownerships.

One of the reasons why the determination of
boundnes 1n the U.S. if often difficult is tl e fact
that carly surveyors often confined themselves
to MINIMAL descriptions that is, to a bare
statement of the METES AND BOUNDS,
COURSES AND DISTANCES. Nowadays good
practice requires that o land surveyor include all
relevant information in his description.

In preparing the description of a property, the
surveyor should bear in mind that the descrip-
tion must clearly 1dentify the location of the
property and must give all necessary data from
which the boundaries can be reestablished at any
future date. The written description contains the
greater part of the informaiion shown on the
plan. Usually both a description and a plan are
prepared and, when the property is transferred,
are recorded according to the laws of the county
concerned. The metes-and-bounds description of
the property shown in figure 6-25 is given
below.

“All that certain tract or parcel of land and
premises, hereinafter particularly described, situ-
ate, lying and being in the Township of Maple-
wood in the County of Essex and State of New
Jersey and constituting lot 2 shown on the
revised map of the Taylor property in said
township as filed in the Essex County Hall of
Records on March 18, 1944.”

“Beginning at an iron pipe in the north-
westerly line of Maplewood Avenuc “herein
distant along same line four hundred and thirty-
one feet and seventy-one one-hundredths of a
foot northeasterly from a stone monument at
the northerly comer of Beach Place and Maple-
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wood Avenue. thence running (1) North Forty-
four degrees thirty-one and one-half minutes
West along land of H. L. Coombs one hundred
and fifty-six feet and thirty-two one-hundredths
of a foot to an iron bar; thence turning and
running (2) North forty-five degrees twenty-
cight and one-half minutes East along land of S.
M. Taylor eighty-seven feet to an iron bar;
thence turning and running (3) South forty-four
degrees and thirty-one and one-half minutes East
along land of B. A. Toler one hundred and
fifty-six feet and thirty-two one-hundredths of a
feot to an iron bar in a north-westerly line of
Maplewood Avenue; thence turning and running
(4) South forty-five degrees twenty- eight and
one-half minutes West along said line of Maple-
wood Avenue eighty-seven feet to the point and
place of beginning; all bearings being true and
the lot containing a calculated area of thirteen
thousand six hundred square feet. This descrip-
tion has been prepared from a survey made by
R.F. Jones, Licensed Land Surveyor, New Jersey

Map of Lot 2 as shown on rewised map of Toylor
property situoted in Moplewood, Essex County, New Jersey
o’ S M Toylor
N 45°28%' €
87°00 300l
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Survey made upon Order of C‘or,vj?s of Engineers, S Army

Order 11448 Lic Land Surveyor. N } 4411
field Book R-/2 Page 16 Newark, New Jersey

Map Book /0

Scale 1mnch = 30 feet

Dec 11,

45.803
Figure 6-25.—Lot plan by metes and bounds.
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No. 4411, said survey being dated December 11,
1944

Another form of a lot description may be
presented as follows:

“Beginning at the northeasterly corner of the
tract herein described: said corner being the
intersection of the southerly line of Trenton
Street and the westerly line of Ives Street:
thence running S 6°29'54"" E bounded casterly
by said Ives Street, a distance of two hundred
and twenty-seven one hundredths (200.27) feet
to the northerly line of Wickenden Street;
thence tuming an interior angle of 89°59'16"”
and running S 83°30’50” W bonded southerly
by said Wickenden Street, a distance of one
hundred and no one hundredths (169.00) feet to
a comer; thence turning an interior angle
of ...etc.”

You will notice that in the above example,
interior angles were added to the bearings of the
boundary lines, which will be another help in
retracing lines.

By Rectangular System

In the early days (from 1785) cf the United
States, provisions were made to subdivide terri-
torial lands into townships and sections thereof,
along lines running with the cardinal directions
of north-south, east-west. Later, as additional
lands were added to the public domain, such
lands were subdivided in a similar manner.

However, these methods of subdividing lands
do not apply in the eastern seaboard (original 13
states) and in Hawaii, Kentucky, Tennessee,
Texas and West Virginia. For laws regulating the
subdivision of public lands and the recom-
mended surveying methods, check the instruc-
tion manual published by the Bureau of Land
Management, Washington, D.C.

By Plane Coordinates

For many years the triangulation and traverse
monuments of various domestic and foreign
survey agencies have been defined by their
geographic positions, that is, by their latitudes
and longitudes. Property corners might be defi-
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nitely fixed in position in the same way. The
necessary computations are involved and too
few land surveyors are sufficiently well versed in
the theory of geodetic surveying for this method
to attain widespread use. In recent years, plane
coordinate systems have been developed and
used in many states and in many foreign
countries. These grid systems involve relatively
simple calculations and their use in describing
parcels of land is increasing. Every state in the
American Union is now covered by a statewide
coordinate system commonly called a GRID
SYSTEM.

As with any plane-rectangular coordinate
system, a projection employed in establishiig a
State coordinate system may be represented by
two sets of parallel straight lines, intersecting at
right angles. The network thus formed is the
GRID. A system of lines representing geographic
parallels and meridians on a map projection is
termed GRATICULE. One set of these lines is
parallel to the plane of a meridian passing
approximately through the center of the area
shown on the grid, and the grid line corres-
ponding to that meridian is the Y-AXIS of the
grid. The Y-axis is also termed the CENTRAL
MERIDIAN of the grid. Forming right angles
with the Y-axis and to the SOUTH of the arca
shown on the grid is the X-AXIS. The point of
intersection of these axes is the ORIGIN of
coordinates. The position of a point represented
on the grid can be defined by stating two
distances, termed COORDINATES. One of these
distances, known as the X-COORDINATE, gives
the position in an EAST-and-WEST direction.
The other distance, known as the Y-COOR-
DINATE, gives the position in a NORTH-and-
SOUTH direction, this coordinate is always
positive. The X-coordinates increase in size,
numerically, from west to east; the Y-coordi-
nates increase in size from south to north. All
X-coordinates in an area represented on a State
grid are made positive by assigning the orgin of
the coordinates: X =0 plus a large constan-. For
any point, then, the X-coordinate equals the
value of X adopted for the origin, plus or minus
the distauce (X') of the point east or west from
the central meridian (Y-axis), and the. Y-coordi-
nate cquals the perpendicular distance to the
point from the X-axis. The linear unit of the
State coordinate systems is the foot of 12 inches




ENGINEERING AID 1 & C

defined by the equivalence. 1 international
meter = 39.37 inches exactly.

The linear distance between two points on &
State coordinate system, as obtained by compu-
tation or scaled from the grid, is termed the
GRID LENGTH of the line connecting those
points. The angle between a line on the grid and
the Y-axis, reckoned clockwise from the south
through 360°, is the GRID AZIMUTH of the
line. The computations involved in obtaining a
grid length and a gnd azimuth from grid
coordinates are performed by means of the
formulas of plane trigonometry.

A property description by metes and bounds
might include points located by coordinates as
follows. “Commencing at U.S. Coast and Geo-
detic Survey Monument ‘Bradley, Va’, having
coordinates y = 75,647.13 ft and x = 55,277.48
ft, as based on the Virginia Coordinate Systém,
North Zone, as are all the coordinates, bearings,
and distances in this description, thence S
36°30'E, 101.21 ft to the intersection of Able
Street and Baker Avenu., whose coordinates are
y = 75,565.77 ft and x = 35,337.45 ft, etc.”

By Blocks, Tracts, or
Subdivisions

In many counties and raunicipalities t" 2 land
of the community is divided into subdivisions
called BLOCKS, TRACTS, or SUBDIVISIONS.
Each of these subdivisions is further subdivided
into LOTS. Blocks and tracts usually have
numbers, while a subdivision usually has a name.
Each lot within a block, tract, or subdivision
usually has a number.

From data obtained in a TAX MAP SURVEY
or CADASTRAL SURVEY, a MAP BOOK is
prepared which shows the location and bound-
aries of each major subdivisior. and of each of
the lots it contains. The man book is filed in the
county or city recorder’s office, and hence-
forward, in deeds or other instruments, a parti_-

ular lot is described as (for example): “Lot 73 of
Tract 5417 as per map recorded in book 72,
pages 16 and 17, of maps, in the office of the
county/city recorder of (named) county/city”,
or as “Lot 32 of Christopher Hills Subdivision as
per, etc.”

JOB REQUIREMENTS OF THE
LLAND SURYEYOR

In resurveying property boundaries and in
carrying out surveys for the subdivision of land,
the EA performing land surveys has the follow-
ing duties, responsibilities, and liabilities:

1. Locate in the public records all deed
descriptions and maps pertaining to the property
and properly interpret the requirements con-
tained therein.

2. Set and properly reference rew monu-
ments and replace obliterated monuments.

3. Be liable for damages caused by errors
resulting from incompetent professional work.

4. Attempt to follow in the tracks of the
original surveyor, relocating the old boundaries
and not attempting to correct the original
survey.

5. Prepare proper descriptions and n.aps of
the property.

6. May be required to connect a property
survey with control monuments so that the grid
coordinates of the property corners can be
computed.

7. Peport all easements, encroachments, or
discrepancies discovered during the course of the
survey.

8. When original monuments cannot be re-
covered with certainty from the data contained
in the deed description, seek additional evi-
dence. Such evidence fhust be substantial in
character and must 1ot be merely personal
opinion.

.+ In the absence of conclusive evidence as to
the location of a boundary, seek agreement
between adjoining owners as to a mutually
acceptable location. The surveyor has no judicial
functions, he may serve as an arbiter in relocat-
ing the boundary according to prevailing circum-
stances and procedures set forth by local au-
thority.

10. When a boundary dispute is carried to the
courts, he may be called upon to appear as an
expert witness.

11. He must respect the laws of trespass. The
right to enter upon property in conducting
public surveys is provided by law in most
localities. In a few political subdivisions, recent
laws make similar provision with respect to
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private surveys. Generally . the: military survey or
shorld request permission irom the owner be-
fore entry on private property. When lacking
permission from an adjoiner. it is usually possi-
ble to make the survey without trespassing on
the adjoiner’s land. bet such a « ondition norm-
Ay adds to the ditficulty of the task. The
suneyor is liable fer actual damage to private
properiy resulting from his operations.

A primany responsibility of a land survevor is
to prepare boundary data which may be submut-
ted as evidence in a court of law in the event of
a legal dispute over the location of a boundarv
The technigues of land surveymg do not vary m
any ossentia! respect from those used in any
othier ty pe of horizontal-location surveymg—you
run a land-suney boundary traverse. for exam-
ple. just as yvou do a traverse for any other
purpose. What distinguishes land surveying from
other 1y pes of surveying is the fact that a land
survevor is often required to decide the loeation
of a boundary on the basis of conllicting
evidence.

For example: suppose you are required to
locate. on the ground, a boundary line which is
described in a2 deed os running. from a de-
scribed point of beginning marked by a de-
scribed object, N 26°15°E, 216.52 ft. Suppose
yvou locate the point of beginning. run a line
therefrom the deed distance 1c the deed diree-
tivn. and drive ahub at the end of the line. Then
you notice that there is, a short distance away
from the hub. a driven metal pipe which sliows
signs of having been in the ground a long time.
Tet's say that the bearing and distance of the
pipe from the point of beginning are N 26°14°L,
215.62 1t

Yo can see that there s contlicting evidence
here By Jdeed evidence the boundary runs N
26°15°E. 216.52 ft. but the evidence on the
ground seems to indicate that it runs N 26°14'E,
21562 ft Did the survey or who drove the pipe
drive it in the wrong place, or Jdid he drive the
pipe in the right place and then measure the
bearing and distance wrong? The land survey or,
on the basis of experience, judgment, and
extonsive research, must frequently decide ques-
tic ns of thiy Kind. That is to say, he must possess
the knowledge, experience, and judgment to
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select the best evidence wlien the existing
situation is conflicting.

There are no specific rules which can be
consistently followed. In the case mentioned,
the decision as to the best evidence might be
influenced by a number of consideriations. The
pipe is pretty close to the deed location of the
end of the boundary. This might. everything else
being equal. be a point in favor of considenng
the pipe bearing and distance, rather than the
deed bearing and distance, to be correct. If the
pipe were a considerable distanee away, it might
even be presumed that it was not originally
intended to serve as a boundary marker. Addi-
tionally the land surveyor would consider the
fact that, it’ the previous survey was a compara-
tively recent one done with modern equipment.
it would be unlikely that the measured bearing
to the pipe would be oft by much more than a
minute or the distance to the nipe off by much
more than a tenth of a foot. llowaver. if the
previous survey was an ancient one, done per-
haps with compass and chain, larger discrepan-
cies than these would be probable.

Further considerations would have to be
weighed as well. If the deed said. “From (point
of beginning) along the linc of Smith N 26°15'E,

216.52 ft, and you found the remains of an
ancient fence on a line bearing N 26°15'E, these
remains would tend to vouch for the accuracy of
the deed bearing, regardless of a discrepancy in
the actual bearing of the pipe or other marker
found.

To sum up. in any case of conflicting cvi-
dence, you should (1) find out as much as you
can about all the cvidential circumstances and
conditions, using all feasible means, including
questioning of neighbering owners and local
inhabitants and cxamination of deeds and other
documents deseribing adjacent property, and (2)
sclect the best evidence on the basis of all the
circumstances and conditions.

As in many other profussions; the surveyor
may be held liable for incompetent services
rendered. For example, if the surveyor has been
given, in advance, the nature of the structure to
be crected on a lot, hie may be held liable for all
damages or additional costs incurred as a result
of an ecrroncous survey, and pleading in his
defense that the survey is not guaranteed will
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not stand up in court. Since a civilian profes-
sional survey or must be licensed before he can
practice his profession, he must show that
degree of prudence. judgment. and shill reason-
ably expected of a member of his drofession.

LAND-SURVEY GENERAL
PROCEDURE

As there are no universal rules for the
weighing of evideuce, so there are no universal,
unvarying rules for land-survey procedure. The
typical problem, however. usually breaks down
into thic following major action phases.

1. The location, study, and (when necessary )
interpretation of all the availabie deeds, con-
tracts, maps, wills, or other Jdocuments which
contain 4 description of the beandaries. The
principal repository for most of these instru-
ments iy usually the files in a city or county
records office. The mere deciphering of ancdient,
handwritten docunments is an art in itself. And
here again it is not unusual to cncounter
wonflicting evidence, in tlie shape of documents
which puarport to describe the saine property,
but which describe it Jditferentiy. Or you may
find a document in which some of the Linguages
may bear more than one interpretation. In this
last case you apply, as well as you can, a legal
maxim which goes to the effect than an ambig-
uous document should be given the sense which
the maker of the document may be reasonably
presumed to have intended.

2. The determination, after study of all the
documents and related evidence, of what the
true property description may be presumed to
be, and from this a determination of what
physical evidence of the boundary locations
exists in the field. Physical evidence means for
the most part MONUMENTS. In lLand-surveying
parlance, the term MONUMENT applies to any
identifiable object which occupies a permanent
location in the field and serves as a reference
point or marker for a boundary. A monument
may be a NATURAL monument, such as a rock,
a tree, or the edge of a stream, or it may be an
ARTIFICIAL monument, such as a pipe or a
concrete monument. Do not use perishable
markers for monuments, such as a wooden
marker which decays easily.
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3. The location. in the field, of the existing
physical evidence of the boundaries.

4. The establishment of the boundary. This
unvolves Jdiose decisions previously mentioned as
to the best evidence. 1t also involves the setting,
referencing, and marking of points which should
have been marked in previous surveys but
weren’t. or which were marked with markers
whicl: have since disappeared.

5. The preparation of the property dJescrip-
tion.

PLATS OF SURVEYED LANDS

The official plat of a township or other
subdivision is the drawing on which is shown the
direction and length of cach line surveyed,
established, retraced, or resurveyed, the relation-
ship to adjoining offiial surveys, the bound-
aries, designation, and arca of cach parcel of
land, and, insofar as practivable, a delineation of
the topography of the area and a represeintation
of the cuiture and works of man within the
sunvey limits. A subdsyision of the public lands is
not deemed to have been surveyed or identified
until the notes of the field survey have been
approved, a plat prepared, thie survey aceepted
by the Director of the Bureau of Land Manage-
ment as cvidenced by a certification to that
effect on the plat, and the plat has been filed in
the district land office. Figure 6-26 shows a
typical township plat. The onginal dJdrawing
shows both a graphical scale and a representative
fraction for both the township as a whole and
for the enlarged diagram. Because the plat has
been photographically  reduced, the rep-
resentative fraction and seale are no longer true.
Plats are drawn on sheets of uniform size 19" X
24" in trmmed dimensions, for convenicnee in
filing. The usual scale is 1" = 40 chains,
cquivalent  to a representative  fraction  of
1.31,680. Where detail drawings of a portion of
the survey area are required, scales of 1 mnch
equals 20 chains or 1 inch equals 10 chdains may
be used. A detail of a small area may be shown
(fig. 6-25), as an inset on the main plat. Larger
details are drawn on scparate sheets. When the
drawing is simple, with few topograpiic or
hydrographic features or works of man to be
shown, the entire drawing is in black ink. When,
as in figure 6-26, the features other than the
survey lines are quite extensive, color printing is
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used. Survey lines, numbers, lettering, and rail-
roads are printed in black, topographic relicf,
roads, highways, truls, culture, alkali flats,
sandy-bottom draws, and sand Jdunes are shown
i brown, rivers, lakes, streams, and marshes are
shown by conventional symbols tn bluc. and
timbered areas are indicated in green. Where
such o green vverprint might obscure other
details, the presence of timber may be indicated
in a note (fig. 6-26). These several colors are no:
shown on the reproduction of the plat presented
in fig. 6-26, although the various features are
indicated in appropriate colors on the original
map where this figure was reproduced.

A property plat plan must contain the follow-
ing:

1. Directional ornentation, usually indicated
by NORTIH arrow.

2. Beaning and distance of cach boundary.

3. Comer monuments.

4. Names of adjacent owners, inscribed in
areas of their property shown.

5. Departing property lines. A departing
property line 1s one which runs from a point on
one of the boundaries of the surveyed lot
through adjacent propeity. It constitutes a
boundary between areas belonging to two adja-
cent owners.

6. Names of any natural monuments which
appear on the plat (such ac the name of a
stream), or the character (such as “10-in. oak
tice™) of any natural monuments which have no
names.

7. Title block, showing name of owner, loca-
tion of property, name of surveyor, date of
survey, scale of plat, and any other relevant
data.

The preceding items are those which usually
appear on any plat. Some land surveyors add
some or all of the following as well.

1. Grid lines or “ticks” (a grid “tick” is a
marginal segment of a grid line, the remainder of
the line between the marginal ticks being omit-
ted), when determinable.

2. On a plat on which grid lines or ticks are
shown, corner locations by grid plane coordi-
nates.

3. Streams, roads, wooded areas, and other
natural features, whether or not they serve as
natural monuments.

Q
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4. Surveyor’s certificate. This is a statement
(required by law in many states) in which the
survevor makes personal affidavit as to the
accuracy of the survey. A typical certificate
might read as follows. “I, (surveyor’s name),
registered land surveyor, hereby certify that this
pla:  accurately shows property of (owner’s
name), as acquired in Deed Book 60, page 75, of
the land record of (hamed) County. State of
(name).”

S. The area of the property.

LAND SURVEY PRECISION

Most land surveying of tracts of ordinary size
is done by transit-tape. For a large tract,
however (such as a large Government reserva-
tion), corners might be located by triangula-
tion or primary horizontal control might be by
triangulation and «2condary control by supple-
mentary traversing.

The precision used for land surveying varies
directly with the value of the land, and also with
such circumstances as whether or not important
structures will be erected adjacent to the prop-
erty lines. Obviously, a tract in lower Manhat-
tan, New York (where land may sell for more
than a million dollars per acre) would be
surveyed with a considerably higher precision
than would be used for surveying a rural tract.

Again there are no hard-and-fast rules. How-
ever, the prescribed order of precision for
surveying the boundaries of a naval station
might require the following:

1. Plumb bobs used for alignment and to
transfer chained distances to the ground.

2. Tape leveled by Locke level.

3. Tension applied by spring balance.

4, Temperature correctiom.

5. Angles turned 4 times.

If you turn angles 4 times with a 1-minute
transit, you are measuring angles to approxi-
mately the nearest 15 seconds. The equivalent
precision for distance measurement would be
measurement to the nearest 0.01 ft. Four-time
angles might be precise enough for lines up to
500.00 ft long. For longer lines, a higher angular
precision (obtained by repeating 6 or 8 times)
might be advisable.

13
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CHAPTER 7

TOPOGRAPHIC SURVEYS

Topographic surveys are made to obtain ficld
data from  which  topographic maps may be
made. indicating the rehiefl or the configuration
of the carth’s surface. and the location of
natural and man-made objects.

The objectives of topographic surveying -
clude:

1. Establishing horizontal control.

2. Determining vertical control.

3. Determining horizontal location and eleva-
tion of a sufficient number of ground points to
provide data for the map.

4. Locating such other natural or man-made
details as required.

5. Calculating angles. distances, and eleva-
tions. -

6. Plotting and finishing the topographic
map.

To accomplish the forementioned objectives,
various methods are employed to produce topo-
graphic maps. The location (both horizontal and
vertical) of topographic details by transit stadia
from traverse stations is described in Engineering
Aid 3 & 2. in this chapter the general approach
to the mapping problem, from the party chicf’s
viewpoint, will be described with detailed refer-
ence to the planetable methods of locating
details.

This chapter also contains a section devoted
to surveys in support of geology and pedology,
which are related to the use of topographic
maps.

TOPOGRAPHIC SURVEYS

The procedures to be used in producing a
topographic map depend on the use to which
the map is to be put and the time and facilities
available. Under some circumstances it is more
economical to use aerial photogrammetry, in
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these cases the fieldwork is limited to establish-
ing horizontal and vertical control, checking,
and perhaps picking ap some extra details. Some
of the factors which affect the decision as to
whether topo should be flown or shot in the
field are the size of the site, the purpose of the
map as reflected in the scale and contour
interval needed, the denseness of the underbrush
(which obscures the bottoms of swales and
ravines), the types of trees and the time of the
year as reflected in whether or not leaves are on
toe trees.

The methods to be used in a field topo survey
depend largely on the purpose of the map. For
cxample, the horizontal and vertical control may
not have to be as precise, a~d the detail as
extensive, for a 1" = 200" and §' contour
interval map to be used for preliminary planning
as for a 1"""= 50" and 2’ contour interval map to
be used for design of streets, utilities, and site
grading.

DEVELOPMENT OF
TOPOGRAPHIC MAPS

Typical steps in the development of a map at
the latter scale might be as follows. First, gather
all available ‘maps, plats, survey data, and utili-
tics data which pertain to the site and study
them carefully. Consider the boundaries of the
site in relation to the intended use « “ the topo
map. If the map is to be used for design
purposes, certain off-site information will be
even more important than on-site details. For
example, the location and elevations of utilities
and nearby streets is vital. The location of
drainage divides above the site and details of
outfall swales and ditches below the site are
..ecessary for the design of the storm drainage
facilities. Topographic details of an off-site strip
of land all around the proposed limits of
construction are necessary so that grading can be
designed to blend with adjacent arcas. Decide on
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the datum and bench marks to be used, consider
previous local surveys, USC&GS monuments,
sanitary sewer inverts (not rims they are fre-
queatly  adjusted) and assumed datum. Deter-
mine whether or not there is a coordinate
system in the area monumented sufficiently for
your usce. if not, plan on using assumed coordi-
nates. In the latter case, decide on the source of
the meridian  adjacent surveys, magnetic, as-
sumed. or shooting the sun or Polaris.

Neat, perform a reconnaissance survey. Ob-
serve the vegetation and decide how many men
you will need to cut brush. Select main control
traverse stations at points appropriate for plane-
tadle scetups. Decide on the number and location
of cross ties or secondary traverse lines neaded
to provide sufficient plane-table stations. Select
these points su that plane-table sctups wiil have
to be extended only o minimum distance before
checking back into control.

The next step is to run the traverse lines,
Jhiecking its directions from time to time where
necessary on long traverse. Checks could be
done by astronomical methods. by cut-off lines,
or by connecting the traverse with established
points. Then run the levels. turning on all
traverse stations. Close, balance, and coordinate
the main traverse. Then adjust the cross ties into
the main traverse. Balance the levels. Plot the
traverse stations by coordinates on the plane-
table sheets (milar or stabilene sheets are ideal).
Be sure there is sufficient overlap of all sheets.
Be sure there is sufficient control on each sheet
for orientation, and for extension of setups (if
necessary). Number the traverse stations with
the same numbers marked on the guard stakes in
the field and show the elevations.

The planetable work is the final big step of
the ficldwork. But some transit and level work
may still need to be done. The location of some
details (such as street centerlines or buildings)
may be needed to a precision greater than that
obtainabl: with the planetable; tie such details
to the traverse by transit tape survey. For design
purposes, the elevation of some points (such as
the inverts of culverts, paved flumes, and sewers,
and the tops of curbs and gutters) may be
needed to a precision greater than that obtain-
able with the planctable. Use the level ¢c obtain
such elevations. The final step in the production
of the topographic map is, of course, tracing the
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information from the planetable sheets onto the
final drawing. |

Random traversing, as described in the fore-
going, is not the only way of establishing
horizontal control. Grids are frequently used.
One good way of identifying grid lines is to
assign a letter to each line in one set, and then
rLn stationing along each line. Another method
is used in the example described in the following
paragraphs.

Suppose that a site chosen through recon-
naissance for an advanced base with airstrip
facilities is as shown in figure 7-1. Here there is a
sheltered water area for a potential harbor, a
strip of woodland extending back from the
shore, and then a strip of clear level country
where an airstrip could be constructed.

Topographic data for a map of this area might
be gathered by three field parties, two of them
transit-level parties and the third a planetable
party. The transit-level parties would operate in
the wooded and the water areas, the planetable
party in the <lear area.

Basic l.orizontal control is the MAIN BASE
LINE, run along the cdge of the wooded area as
shown. Topographic details in the clearing will
be plotted from planetable stations tied to the
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main base line. Dotails in the wooded area and
offshore will be plotted from stations on a grid
tied to the main base line.

Transit-level party #1 runs the main base line
from station 0 + 00, located at random, setting
hubs at every S00-ft station. Transit-level party
#2 runs a LATERAL base line from 0 + 00,
perpendicular to the main base line, and scts
hubs at every 500-ft station. From every 500-ft
station on the main base line, party #1 will run a
LATERAL, perpendicular to the main base line
(and therefore parallel to the lateral base line,
party #2 will run ¢« LONGITUDINAL, perpen-
dicular to the lateral base line (and therefore
parallel to the main base line).

You can see that the coordinates of a point of
intersection between a longitudinal and a lateral
are the designations of the longitudinal and the
lateral-similarly. The coordinates of any point in
the grid arca are the main base line station and
the lateral base line station of lines perpen-
Jdicular to the main base line and the lateral base
line passing through the point. You designate
any point by its grid coordinates, expressed in
fractional form, one over the other. You must
decide which coordinate you will place on top,
and then BE SURE TO STICK TO YOUR
RULE. We’ll place the lateral coordinate (that is,
the main base line station) on top. For the point
of intersection between lateral 15 + 00 and
longitudinal 10 + 00, for example, our designa-
tion will be 1500/1000.

With regard to the vertical vontrol situation, it
may be the case that there are no cstablished
bench marks in the arca. If this is so, the level
group from party #2 should take a scries of rod
readings, over a succession of high and low tides,
or on the high-water mark wash line along the
beach. The average of all these readings may be
used as a temporary vertical control datum, until
a more accurate datum is obtained from tide
gage readings. From a temporary BM at or near
the beach, a line of levels can be run to station 0
+ 00 on the main base line. Temporary eleva-
tions of hubs in the main base line and the
lateral base line can then be determined.

Finally, the transit-level partics will shoot the
detail in the vicinity of cach of the 500-ft points
of the intersection on the grid.

DETAIL BY PLANETABLE

The planctable party will be engaged in the
process of locating detail and drafting a map of
the clear arca in a single operation.

A planctable ficld party for a large survey
should consist of an instrumentman or topogra-
pher, a notckeeper or computer, and one or
more rodmen. The instrumentman operates the
planetable and alidade, making the observations
and performing the plotting and shetching. 1le
reads off the rod readings and vertical angles to
the notekeeper, who records and reduces the
ficld notes. The notekeeper computes the cleva-
tions and the horizontal distances. The rodman’s
job is to occupy the minimum number of points
required to give an adequate representation of
the ground being surveyed.

Planctable Equipment

For regular topographic mapping, a 24" X
30" planetable is generally employed. An ali-
dade and stadia rod or Philadelphia rod are used
in combination with the planctable. With these
instruments, the direction, the distance, and the
difference in elevation can be measured, com-
puted, and plotted directly in the ficld. The
planctable operation produces a completed
sketeh or map without need for further plotting
or computing. Mistakes are easily recognized and
corrected right in the field.

A small table called a traverse table, about
18" X 24", is often used for rcconnaissance
sketching and smuall-scale mapping. Some tra-
verse tables are cquipped with a ruler sight
alidade with hinged sights similar to those on a
surveyor’s compass. Others merely contain &
scale, the edge of which is used for sighting. A
trough compass is countersunk along one cedge
of most traverse tables to facilitate orientation.

Special  weather-resistant  Jdrawing paper s
available for planctable work. The paper shouid
be attached before the board is oriente.’ und
leveled.

Planetable Methods

There are four common methods of orienting
the planctable, they are radiation, progression,
intersection, and resection. Each of these meth-
ods is discussed separately below.
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RADIATION. - 1n this method the detail in a
circular area around the planctable is plotted
from a single .setup. Select a point on the
drawing paper to represent the point on the
ground. The planetable is set up over the point
on the ground whose position has been previ-
ously -plotted, or will be plotted, on the plane-
table sheet during the operation. The board is
oriented cither by using a magnetic compass for
north-south orientation, or by sighting on an-
other visible point whose position is plotted.
The board is clamped and the alidade is pointed
toward any new desired point using the plotted
position of the setup ground station as a pivot.
A line drawn along the straightedge, which is
parallel to the line of sight, will give the plotted
direction from the setup point to the desired
point. Once the distance between the points is
determined, it is plotted along the line to the
specified scale. The plotted position represents
the new point at the correct distance and
direction from the original point. By holding the
planetable orientuation and pivoting the alidade
around the sctup point, the direction to any
number of visible points can be quickly Jdrawn.
The distances to these points, determined by
any convenient method as prescribed by the
desired accuracy, can be plotted along their
respective rays from the setup point. Thus, from
one sctup, the positions of a whole series of
points can be established quickly. For mapping,
the difference in elevation is also determined
and plotted for each point. The map is com-
pleted by subdividing the distances between
points with the correct number of contours
spaced to répresent the slope of the ground.

In clear, level country, detail within a radius
of about 1500 ft can be located with reasonable
accuracy. This means that, from four setups, an
area of about a square mile can be covered. The
clear area shown in figure 7-1 n.easures 3500 by
about 2000 ft, or just about one-third square
mile. Figure 7-2 shows how this rectangular clear
area could be covered, with considerable overlap
to spare, from two instrumen* points tied to the
midpoint of the main base line.

PROGRESSION.~In radiation, as you can
see, successive planetable instruiment points are
located by triangulation. In progression, the
planetable might be said to generate a traverse as

IToxt Provided by ERI
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Figure 7-2.—Planned planetable stations to
cover a rectangular area.

it moves along. Figure 7-3 illustrates the mneth-
od. Here the planctable progressed from station
A through B, C, and D to E, thus plotting the
closed traversc ABCDE. You locate your starting
point on the paper so as to ensure that all the
other stations on the traverse will lie within the
margins of the paper, which of course involves
selecting an appropriate distance scale as well.

Set up the table so that starting point a on the
paper is directly over station A on the ground.
Orient the board by aligning the edge of the
blade with point a, sighting through the tele-
scope on station B, and then pivoting the board
so as to bring line ab (to be drawn along the
edge of the blade) where you want it to come ont
the paper.

Determine the horizontal distance from sta-
tion A tostation B, and lay off ab to scale. Then
shift to station B, plumb b on the paper over B
on the ground, set the edge of the blade on b,
backsight on station A, and bring ba in line with
the edge of the blade. Then proceed with station
C as you previously did with R.

INTERSECTION.—When two points which
can be occupied by the planetable have already
been plotted on the paper, the location of a
third point can be plotted by determining the
point of intersection of lines of direction from
the already plotted points. This method, known
as intersection, is illustrated in figure 7-4.

You wish to locate point X, and you have A
and B plotted. Plumb point A cn the paper over
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Figure 7-3.—Progression.
station A on the ground, set the edge of the
blade on A, and line up the edge with line AB, as
indicated in figure 7-4. Then revolve the board ecTn— - —
until the telescope is trained on point B on the — %= TN b=
ground. Now, keeping the edge of the blade on
A on the paper, train the telescope on point X o= \
on the ground. The edge of the blade is now on L XN
the line from A on the ground to X on the o
ground; draw a line along the edge from A % e
toward X. 94‘
Now shift the planetable to B on the ground, AN
and repeat the procedure you carried out at A. / BN conTROL
You will wind up with two lines on the paper,
one from A, the other from B, toward X. The PLANE TABLE PLANE TABLE
STATION B8 STATION A

point where these two lines intersect is the
plotted location of X.

RESECTION.-This method, like intersection,
is one in which you have two points plotted and
desire to locate a third. It varies from intersec-
tion in that, instead of occupying the already
plotted points with the planetable, you occupy
instead the poini whose location is being sought.
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Figure 7-4.~Intersection.

Figure 7-5 illustrates the method. This figure
shows one-point resection. Here you have a
point of known location, A, and a point, X,
whose location is desired. First measure the




ENGINEERING AID 1 & C

XA TO
SCALE

X4 ON TRE GROUND

82.44
Figure 7-5.—~0One point resection.

horizontal distance between A and X by an
appropriate miethod. Then set up the planetable
at X, train the telescope on A, orient the board
so that XA will lic where you want it on the
paper, and Jdraw a line along the blade from A
toward X. Lay off AX to scale on this line.

In THREE-POINT resection (familiarly called
the THREE-POINT problem) you determine the
location of a point with reference to three
points of known location. The method is fre-
quently used to locate minor triangulation
stations with reference to major stations. Two
common solutions are the LEHMANN TRI-
ANGLE OF ERROR solution and the TRAC-
ING CLOTH or MECHANICAL solution.

Figure 7-6 illustrates the Lehmann solution.
The figure shows three located points: A, B, and
C. The planetable is set up over D, a point whose
location is desired, and oriented as closely as
possible, either by compass or by eye.

If the table were oriented correctly, resection
lines from A, B, and C would intersect only at a

82.45

Fiyure 7.6.—Triangle of error.

point, d. In most cases, however, tuese lines
intersect to form a small triangle (a'b’c’ in fig.
7-6), called the TRIANGLE OF ERROR. The
correct location of d is at the center of this
triangle.

In figure 7-6 the planetable is set up over a
point which is inside the triangle formed by
stations A, B, and C. Therefore, the plotted
position d lies at the center of the triangle of
error, and it is fairly easy to estimate where this
center is. However, it could be the case that the
point whose location is sought may lie outside
of the triangle formed by the three located
points. In a case of this kind you would use the
tracing-cloth solution.

Observe figure 7-7, which illustrates the trac-
ing-cloth solution. Here there are three located
points, A, B, and C, and a point, P, whose
location is desired, lying outside the triangle
formed by A, B, and C. First, set up the
planetable, on which is mounted the paper with
a, b, and ¢ plotted thereon, over P, and ornent it
as closely as possible. Then fasten a sheet of
tracing cloth or transparent paper over the
board, and locate P’ by sighting en A, B, and C.
Draw in P'a’, P'b’, and P'c’.

82.46

Figure 7-7.—Tracing cloth solution.
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Now unfasten the tracing cloth, and move it
into a position where these three lines pass
through plotted points a, b, and ¢. ' on the
tracing cloth will now be located at the correct
location of point P.

Values of Planetable Method

Advantzges of the planctable method of

topographic surveying are as follows:

1. The map is made directly in the field, thus
combining the data-collection and drafting into
a single operation. The area under survey is
visible as a whole, which tends to minimize the
overlooking of important data. Crrors in meas-
urement may be easily checked by taking check
observations on a prominent point whose posi-
tion has been plotted on the map. If the edge of
the blade does not contact the proper point or
points, an error is indicated. An error thus
located cen be easily corrected on the spot.

2. The planctable method greatly reduces the
number of field notes required, and conse-
quently the number of zomputations. This in
turn reduces the number of opportunities for
errors and mistakes.

3. The graphic solutions of the planetable are
much quicker than the same solutions by meth-
ods requiring angular measurements, linear meas:
urements, and computations. Thus a great deal
more area can be covered in much less time.

4. When the country is open and level, the
planetable topographer has a wider choice in the
selection of detail points. He need not be
hampered by backsight-foresight requirements.
He can locate inaccessible points casily by
graphic triangulation, or quickly determine the
location of a point with reference to one, two,
or three poiuts of known location.

Disadvantages of the pianetable method are as
follows:

1. The planetable and its plotting and draw-
ing accessories are more difficalt to transport
than transit-stadia equipment.

2. Weather not bad enough to rule out
transit-stadia will make planetable work impossi-
ble.

3. The use of the planetable is limited to
relatively lcvel, open country.

<3
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SURVEY SUPPORT FOR GEOLOGY
AND PEDOLOGY

This section discusses surveys in support of
gcology and pedology. In essence, it is a topogra-
phie survey, however, you must be aware of the
other specialized data that may be included as
required by the Geologist or the Soil Engincer
when collecting data for engincering studies for
naval construction projects.

SURVEY SUPPORT FOR GEOLOGY

The end prodect of most topographic surveys
is a topographic map. In geology or other related
sciencees, the topographic survey is the first part
of a series of interreiated surveys, the end
product is a map containing not only topogra-
phic information, but also other specialized d.:ta
keyed to it. In geologic surveys, a geologist
mdhes systematic observations of the physical
characteristics, distribution, geologic age, and
structuse of the rocks as well as the ground
water and mineral resources that the rock
contain. These obscrvations are expressed in
finished form as geologic naps and texts. The
objective of the geological survey is to portray,
in plan or in cross section, geological data
required for subsequent constructions ar for
other uses.

Pure geologic data has little direct application
to naval problems, however, if the field informa-
tion is interpreted into specialized lines, it is of
considerable use in Naval Construction Forces
plazning and operations. Construction Forces
reditirements may necessitate regional geologic
study and mapping, surveys of more limited
areas, or the development of detailed geologic
data at a construction site.

Methods of Geologic Surveying

Most geologic data is gathered from an
examination of rocks ii. the field. In addition,
examination of drainage and relief patterns on
detailed maps or aerial photographs provides
considerable supplementary data on rock struc-
tures and distribution.

In the field, the geologist conducts his survey
by examining the rock, whether it is exposed at
the surface and not covered by soil cr other
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material. At such exposures, called OUTCROPS,
he systematically records the physical character-
istics of the rouk, thickness of exposure, inclina-
tion of rock bedding, and develupment of joints
or fractures. In addition, the age of the rock is
deternmined from fossils or the sequence of rock
units. Rock investigations are not confined fo
surface exposures, as the deeper scated rochs are
examined by using samples obtained from auger
or boreholes. The informatior. gathered by the
geologist is placed on a map base by plotting the
rock types in color with other data incorporated
as symbols or annotations. To amplify the map
data, more complete descriptions of outcrops
are entered in notebooks with the entries keyed
to the field map. Surveyors support the geologist
by preparing basic topographic maps on which
the results of geologi. investigations are plotted
and by making such tic measurements to geolo-
gic feature, as the geologist may require.

The geologist uses simple survey methods in
plotting geologic features on a field map. Where
an outcrop can be located with reference to a
cultural or relief feature, it is generally plotted
on a map by spot recognition. In other cases, the
relation of a geologic feature to a resognizable
topographic feature is established by using a
magnetic compass to determine direction, and
by pacing or taping to measure distance. Slope
or small differences in clevation are measured by
using a clinometer or hand level, while an
altimeter is used where there are large differ-
ences in elevation. When the geologic survey is
keyed to a large-scale plan, the geologist general-
ly uses a planctable and data is plotted with
acuufacy commensurate with the accuracy of
the base plan.

Base Map Surveys

The survey for the base map should precede
the geologic survey, because the geologist uses
the map in the field to plot his data and to
determine his position by identification of
topographic details. If aerial photographs are
available, the base map necd not be made before
the geologic survey, since the geologist can use
the aerial photograph us 4 plotting base and later
transfer the data to a base map. However, where
possaitle, the base map shoul¢ - preparedinadvance
as the number of aerial photographs needed to

o>
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Lover dn area is generally too large te be handled
in the field.

Planctable topography is the method best
suited to relatively open country. In the absence
of detailed instructions, the following specifica-
tions are generally satisfuctory.

1. BASE DIRECTION. To determine a base
direction, take from a known base, a side in a
triangulation net, or a course of a basic control
traverse.

2. LOCAL HORIZONTAL CONTROL. Use
anctable traverses run in closed circuits or
between known control stations of a higher
order of accuracy, or locate planctable stations
by graphical triangulation.

3. LOCAL VERTICAL CONTROL. Where
the terrain is relatively level, carry e¢levation
along traverses by vertical angle or stadia-arc
measurements, adjusting elevations on Jlosure at
a4 basic control station. For rugged . terrain
mapped at one of the larger contour intervals,
barometric or trigonometric leveling is suitable.

4. SIGHTS. Use telescopic alidade.

5. DISTANCE MEASUREMENTS. Use, in
general, stadia or graphical triangulation to
locate points and station. Certain measurements
can be made most conveniently by pacing or
rough taping.

6. CONTOURING. Locate and determine the
clevations of contiolling points on summits, in
valleys and saddles, and at points of marked
change of slope. Interpolate and sketch contours
in the field, using these clevations for control.

7. ACCURACY. Distance measurements by
stadia should be accurate to 1 part in 500.
Sideshot points located by pacing or other rough
measurements should be accurate to within 25
ft. Sights for traverse lines or graphical triangula-
tion should be taken with care to obtain the
maximum accuracy inherent in the telescopic
alidade. The error in the elevation of any point,
as rcad from the finished m:p, should not
exceed onc-half of the contour interval.

Topography may be located more conven-
jently in heavily timbered country by stadia
measurements from transit-stadia traverse than
by the use of the planetable, although the time
required for plotting will be incrcased. The
specifications listed above are generally applica-
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ble. Read horizontal angles on traverses to 1
minute, and horizontal angles for side shots
which will be plotted by protractor to the
nearest quarter-degree. Read vertical angles for
clevation determination to 1 minute or use the
stadia arc. Keep complete and carefully prepared
stadia notes and sketches to assure correct
plotting.

When the geologist indicates that a map of a
lower order of accuracy will fulfill his needs,
planctable or compass traverses are suitable.

Use of Aerial Photographs

If aerial photographs are available, the geolo-
gist generally uses them in the field in licu of a
map. The most satisfactory results are obtained
from large-scale photographs 1:15,000 or larger.
Some topographic features, such as some ra-
vines, rocky knobs, or sinkholes, are too small to
be shown on maps. These features, as well as the
larger topographic forms such as stream channels
and swamps, can be observed directly from
aerial photographs. The photos also can be used
to prepare a base map for portrayal of the field
data by tracing planimetric detail from an
uncontrolled mosaic with spot elevations added
from field surveys. Use of contact prints of
aerial photographs by the geologist in place of
the base map is satisfactory, except where large
scale plans for engineering purposes are to be the
base. In such a case the distortion within an
aerial photograph does not permit plotting of
geologic data commensurate with the accuracy
of the final plan.

Map Bases for Detailed
Geologic Surveys

Detaiicd geologic surveys generally cover a
specific map area, geographic region, or specified
sitc from scales of 1.62,500 to 1:600 or larger.
In general, the very large scales are used for
specific engineering or mincral development
problems.

SITE PLANS AND PROFILES.-Geologic da-
ta affecting foundation design at construction
sites are plotted on plans drawn to scales of 1
inch 50, 100, 200, or 400 feei. Contour
intervals may range from 1 to 10 feet, depending
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upon the roughness of the terrain. Planctable
mapping is suited to plotting the topographic
features, ranges, and reference points used to
locate d.ill holes, rock outcrops, and other
geologic data. When plotting contours on a - or
2-foot interval it is better to locate points which
arc actually on the contours or to determine
elevations at the intersection of closely spaced
grid lines staked out on the site rather than to
usc the method of contouring specified earlier in
this section. In addition to a plan, the geologist
may require that profiles be drawn along selec-
ted lines or that the boring logs of test holes be
plotted to suitable scales.

USING A TOPOGRAPHIC MAP AS A BASE
MAP.-The base map for a detailed geologic
survey is a complete topographic map or plan
with relief expressed by contours. Colors and
symbolization of basic details are simple so that
they will not conflict with the overlay of
geologic information that is shown by colors and
symbols. Published topographic maps are used
where suitable. The geologic survey is expedited
if the map base is from a quarter to double the
scale of the map on which the information is to
be presentéd. Enlargements of the base map are
generally used to satisfy this requirement, rather
than using other maps of a larger scale. This
permits the direct reduction of geologic data to
the scale of the final map with a minimum
amount of drafting.

When no topographic map is available or if
existing maps are not suitable, a base map or
plan must be prepared from detailed topogra-

phic surveys. Culture and relief (contours)
should be shown in the greatest detail possible.
The survey for the base should conform to third
order accuracy where large geographic areas are
concerned. Maps made from aerial photographs
using precise instrument methods, such as multi-
plex, can be used in place of field surveys.
Altitude or elevation of the intersection of
boreholes and the surface should be accurate to
the nearest half-foot.

SURVEY IN SUPPORT
FOR PEDOLOGY

If there is a requirement for pedological
mapping for the purpose of locating the limits of
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sand or gravel deposits suitable for concrete
aggregates, road materials, or for other construc-
tion operations, the pedological survey is con-
ducted under the direction of the soils engincer.,
and the surveyors mission is onc of support to
the soils engincer’s objective.

The cengineer’s objective in a4 pedological
survey is to prepare data in plan and profile
symbolizing soils and outcroppings on maps,
overlays. and sketches for subsequent engineer-
ing uses. The following approaches may be used
in conjunction with soils survey operation.

1. Aerial photography may be used when an
extensive area is to be surveyed. Usually there
are no survey measurements required in this
case.

2. Maps of an area of several square miles in
extent arc required when an initial study or
technical reconnaissance is needed for an engi-
neering project. Low-order survey measurements
usually suffice for the preparation of a recon-
naissance sketch upon which the soils enzineer
can plot the pertinent data.

3. A sketch of an airficld, for example, is
frequently required by the soils analysts before
construction planning can be initiated. In this
case the surveyor applies low-order measure-
ments to prepare asketch (1 inch = 100, 200, or
400 feet) upon which the soils engineer plots the
results of soil tests and findings.

Acrial Photography

Photo coverage of the area under considera-
tion facilitates the establishment of control for
the pedological survey. The use of vertical aerial
photographs in the planning phase of outlining
ground control will speed the survey regardless
of the size of the area to be covered. If
controlled photographs are available, the survey
engineer can locate points by pricking or keying
them to the photographs. An uncontrolled
photograph may be satisfactory for the surveys
of low-order accuracy mentioned in the preced-
ing paragraph. The survey party chicf prepares,
according to the soils analyst’s instructions,
maps or overlays upon which are plotted the
control and ties to pedological features. The
pedological interpretation of aerial photographs
is the responsibility of the terrain analysts.
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Planetable Traverse

The planetable trarerse is best adapted to
relatively open country Jor the preparation of
the basic sheteh upon which the soils engineer
plots pertinent data. [n the absence of detailed
instructions from the soils engineer, the follow-
ing procedures are generally satisfactory for
preparing @ sketeh of an area of several square
miles (3 miles by 3 miles maximum for initial
exploration):

1. SCALE. 1:12,500 or 1:25,000.

2. TRAVERSE CONTROL. Run in circuits
or between known positions of a higher order of
accuracy.

3. SIGHTING. Use a peep-sight or a telescopic
alidade.

4. DISTANCE MEASUREMENTS. Pace or
rough tape. When a telescopic alidade is avail-
able, usc stadia measurements where possible
with a view to reducing the time required for the
survey rather than increasing the accuracy.

5. BASE DIRECTION. To determine a base
dircction, select known bases. railroad or high-
way tangents, recognizable features, or reliable
topographic maps. In the absence of these
known bases, then use magnetic north as deter-
mined by compass observations.

6. COMPASS. Use military compass, forestry
compass, or pocket transit.

7. DISTANCE BETWEEN BASIC CONTROL
POINTS. Maintain 3 miles as the extreme
maximum distance between stations.

8. ACCURACY. Distances should be meas-
ured in such a manner that points can be plotted
within 25 feet. For the scales suggested, meas-
urcments to 1 part in 100 will suffice. Take
sights with peep-sight alidade with care to main-
tain dircctions of an accuracy comparable to
distances.

9. TOPOGRAPHY. Usually not required on
reconnaissance surveys for pedology, particular-
ly in areas of low relief. Where suitable deposits
of sand, gravel, or stone have been located, route
surveys from the site to the point or use may be
required for the location of haulage roads,
conveyors, or other meuns of tran.porting the
material. In hilly terrain, rough opography,
obt.ined by clinometer, pocket transit, or sta-
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dia, may be required to fucilitate the location of
a favorable route.

Compass Traverse

The compass traverse is more convenient in
heavily wooded areas although more time is
required for plotting than is the case with
planetable traversing. Traverse lines between
stations should be long in order to reduce the
number of observed bearings. Points between
stations are located by offsets from the traverse
lines. Where local attraction affects compass
readings, points arc plotted by intersection.
Survey readings may be plotted in the field.
Notes should be kept in case it is necessary to
retra~: the traverse. In the absence of detailed
instructions from the soils engincer, the basic
guides for planetable traverse apply.

PaYatl
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Field Sheets and Site Plans

The survey engineer must furnish the soils
analysts with suitable maps, overlays, aud
sketches for the plotting of pedological data.
After the preparation of a reconnaissance field
sheet of an area of several square miles, the soils
analysts may require a shetch of a particular site
in which many samples are takea for a more
detailed study. In the ubsence of detmied in-
structions, the suneyor prepares a sheted on a
scale of 1 inch = 400 feet and provides ranges
and reference points to did in plotting or tying
in specific positions of auger holes, drill holes,
and lines of exposed rock or other pedologival
features. For plotting the data of a range, cross
section, or series of boreholes, the soils analyst
may require the surveyor to provide a basic plot
on a scale of 1 inch = 100 feet or of 1 inch =
200 fcet. Survey measurements will be con-
ducted accordingly.

i —— ™




CHAPTER &
HORIZONTAL AND VERTICAL CURVES

The surveyed centerline of a road orhighway
consists of a series of straight lines and curves.
Many people may rate a highway as smooth or
bumpy; however, surveyors and engineers will be
concerned about its physical and safety features.
When you consider its horizontal alignment or
changes in horizontal direction, you will be
concerned with HORIZONTAL CURVES, when
you think about slopes (the rise and fall), you
will be concerned with VERTICAL CURVES. It
is the ‘ntroduction of these curves that makes
modem travel more comfortable and enjoyable.

As an EA1 or EAC you might have to design
these curves yourself, generally, however, your
main concern is to compute for the missing
curve elements and parts as problems occur in
the field in the actual curve layout. You will
find that a thorough knowledge of the proper-
ties and behavior of horizonta and vertical
curves as employed in highway work will elimi-
nate delays and unnecessary labor. Careful study
of this chapter will alert you to common
pr-blems in horizontal and vertical curve lay-
oS,

HORIZONTAL CURVES

When a highway changes horizontal direction,
it is not feasible to make the point where it
changes direction a point of intersection be-
tween two straight lines. The change in dircction
would be too abrupt for zhe safety of modern,
highspeed vehicles. It is therefore necessary to
interpose a CURVE between the straight lines.
The straight lines of a road are called TANMN-
GENTS because the lines are iangent to the
curves used to change direction.

In practically all modern highways, the curves
are CIRCULAR curves; that is, curves which
form circular arcs. The smaller the :adius of a
circular curve, the sharper the curve. For mod-
ern, high-speed highways the curves must be

<8
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very flat, ro*her than sharp, meaning that they
must be larg.-radius curves.

COMPUTATION OF HORIZONTAL CURVES

In highway work, the curves needed for the
location of improvement of small secondary
roads may be worked out in the field. Usually,
however, the horizontal curves arc computed
after the route has been selected, the field
surveys have been done, and the survey base line
and necessary topographic features have been
plotted. In urban work, the curves of streets are
designed as an integral part of the preliminary
and final layouts which are usually done on a
topographic map. In highway work, the road
itself is the end result and purpose of the design;
but in urban work the streets and their curves
are of secondary importance, and the best
utilization of the building sites is of primary
importance.

The design of the curve consists principally of
selecting the length of the radius (or “degree of
curvature,” explained later). This selection is
based on such considerations as the design speed
of the highway and the sight distance as limited
by headlights or obstructions (see fig. 8-1).
Typical radii which you may encounter are
12,000 feetor longer on an interstate highway, 1,000
feet on a major thoroughfare in a city, 500 feet on
an industrial access road, and 150 feet on a
minor residential street.

ELEMENTS OF A CURVE

Refer to figure 8-2, which shows some of the
elements of a circular curve.

P.C. Point of curvature. Also designated B.C.
(beginning of curve) or T.C. (tangent to
curve).
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P.I. Point of intersection of tangents. Also
HEAOLIGHT SIGHT pisrance I designated designated V (vertex).

P.T. Point of tangency. Also designated E.C.
(end of curve) or C.T. (curve to tangent).

A (1) (Greek letter delta). Central angle; that
is, the angle which subtends the total arc
of the curve. Is always equal to the
deflection angle at the P.I. Also desig-
nated I (intersection).

R Length of the radius. The radius is
always perpendicular to the back tangent
at the P.C. and to the tangent ahead at

the P.T.
L Length of the curve. Also designated A
0BUECT (arc).
45.339 T  Tangent distance. The distance from the
Figure 8-1.—Lines of sight. P.1. to the P.C., or the distance from the
P.1. to the P.T. Said distances are always
equal.

P.0.C. Any point on the curve.

45.340

Figure 8-2.—Curve elements.
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C Chord distance. The straight line dis-
tance from the P.C. to the P.T. Called
the LONG CHORD (L.C.) to distinguish
it from any other shorter chord, such as
the one labeled SCin the illustration.

E  External distance: from the P.L. to the
midpoint of the curve. Also called the
external secant.

M  Middle ordinate. Distance fron: the mid-
point of the curve to the midpoint of the
long chord.

DEGREE OF CURVATURE

An clement of a curve that deserves separate
attention is the DEGREE OF CURVATURE
(D). Curvature may be identified by simply
stating the length of the radius of the curve; this
was done earlier in the chapter when typical
radii for various roads were cited and is com-
monly done in land surveying, and in the design
of urban streets. But in highway and railroad
work, the curvature is defined by the degree of
curvature. There are two definitions cf the
degree of curvature; both are illustrated in figure
8-3. According to the ARC DEFINITION, the
degree of curvature is the central angle which
subtends 100 feet measured along the ARC of
the curve. According to the CHORD DEFINI-
TION, the degree of curvature is the central
angle which subtends a portion of the curve
which has a CHORD of 100 feet. Therefore, if
you take a sharp curve, mark off a portion so
that the distance along the ARC is exactly 100
feet, and determine that the central angle for
that portion is 12°, then you have a curve for
which the degree of curvature (arc definition) is
12° or, as commonly stated, you have a “12°
curve”. If you take a flat curve, mark a 100-foot
CHORD, and determine the central angle to be
0°30°, then you have a “thirty-minute curve,
chord definition.”” The chord definition is used
in railraod practice and in some highway work.
The chord definition was adopted because of its
practical application in the field. When you
measure around a curve with a 100-foot tape,
you are measuring a series of 100-foot chords.
The arc definition is widely used in high.ay

of¢

e
i\ a\ord -
\OO ’ —

/

/

ARC DEFINITION

CHORD DEFINITION

45.341
Figure 8-3.—Degree of curvature.

practice because it facilitates the complex com-
putations needed for modern highway design.

CURVE FORMULAS

The relationship between the clements of a
curve are expressed in a variety of formulas.
Gunerally, if you know two elements, you can
compute the other elements. This 1s not true,
liowever, in the case of R and D, because as
explained before, they are both expressions of
curvature. Which factors are given will vary with
the job. On a highway project, the A at the P.1.
(or 1) will have been measured in the field and
then the design criteria will indicate the required
D (or R). On urban streets, the A might be_
protracted from the preliminary plan and the T
or R measured on the plan. The T and L must be
computed in most cases so that you may
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properly station the curve (explained later.) The
M or E may control the design of a curve or
provide a check on the design of a curve to meet
field conditions. Suppose that the alighment of a
road is being established in the field, and that
the location of the tangents has been decided
upon (fig. 84). Therefore the A may be meas-
ured in the field, providing one given element
for the computations. Suppose it is decided that
the curve should be distance “a” off the center
front of building A. Turn angle « (alpha), which
o
is BO—{—Q at the P.I. and measure down to
point A; the measured distance is the E of the
curve. Thus a second element is provided,
permitting the complete computation of the
curve. Or suppose, in another case as shown in
figure 8-5, that the alignment of the tangents has
been determined, A measured, and a tentative
P.C., P.T., and T selected. Suppose further that
it is desired to check whether the resulting curve
clears building B. Using the formulas presentcd
in this section, compute C and M. Lay off 1/2 C,
occupy point C, turn 90° and lay off M, setting
point B. Then observe whether or not the
clearance of building B is satisfactory. Of the
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45.342
Figure 8.4.—Measuring E.
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45.343

Figure 8-5.—Checking by use of M.

many curve formulas that may be developed, the
formulas in this section are a few that are
commonly used in practice.

Radius and Degree of Curvature

In the case of the arc definition, figure 8-6,
the ratio between D {the angle subtended by
100 ft of arc) and 360° (angle subtended by a
complete circle) is the same as the ratio between
100 ft of arc and the circumference of a circle
having the same radius. Circumference equals
27R; therefore,

solving for R:

_ 100 X 360

R 27D

_ 5729.58
D

and also:

_ 5729.58
R
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45.344

Figure 8-6.—R and D, arc definition.

For a 1° curve, D = I, therefore R = 5,729.58 ft.
In the case of the chord definition, figure 8-7,
D subtends a 100-ft chord. In the right triangle,

vin 2 = io-
2 R
solving for R:
= 20
R = D

For a 1° curve, D/2is 0°30’, and the value for R
computes to be 5,729.65 ft.

You will notice that the radii for 1° curves by
the two definitions have very nearly the same
value: 5,729.58 as opposed to 5,729.65. For
some calculations not requiring great precision,

the rounded-off value of 5,730 feet is used for
the radius of a 1° curve.

Tangent Distance

If you study figure 8-8, you will see that the
solution for T (tangent distance from P.C. or
from P.T. to P.L) is a simple right-triangle
solution. T is one of the shorter sides of a right
triangle; R is the other shorter side. T is the side

. . A
opposite an angle which measures—: Therefore,

>
tan _A_=I
2 R
and solving for T,
- A
T=Rtan >

)
ERIC 212

IToxt Provided by ERI
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100"

7

90°

472

N

Figure 8-8.—~Tangent distance.

45.346

Chord Distance

The solution for the length of C is again a
simple right-triangle solution. (See fig. 89.)

45.345

Figure 8-7.—R and D, chord definition.

One-half of C is one of the shorter sides of a
right triangle; R is the hypotenuse of the same
triangle. One-half C is the side opposite an angle

equal to 5
Therefore,
sin _.A_= 9/2..
2 R
Solving for C:
C/2 = Rsin Af2
C = 2Rsin A2

Middle Ordinate and External Distance

Two commonly used formulas for M and E
are:

R (1 - cos Af2)

M
E'= Ttan A/4
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IO

A/2

45.347
Figure 8-9.—Chord distance.

Length of Curve

In the arc definition of the degree of curva-
ture, length is measured along the arc. The
relationship between L and a complete circle of
the same radius, and A and the central angle of a
complete circle (360°), may be expressed as (see
fig. 8-10A)

L= 4
2rR 360
from which
_27RA
L =350

Since there are 27 radians in a circle the
number of radians corresponding to a given A
are:

A
360 X 2n

Note that in the equation L = 2;—6%A, the R is

the only factor not included in the expression
above for the number of radians. Therefore, the
arc length may be expressed:

L =R X A in radians.

14

208

45,348

Figure 8-10.—Length of curve.

This expression is frequently used to compute A
by referring to a table of radians (sometimes
called a “table of arc lengths for unit radius”).

The relationship between D (see fig. 8-10B)
and A and L and a 100-foot arc length may be
expressed:

L=2

100 D
from which

=1002

L—lOOD

This expression is also applicable to the chord
definition (see fig. 8-10C). But L in this case is
not the true arc length. because, in the expres-

sion L = 100 %— 'lé)' indicates the number of

100-foot CHORD lengths and not the number of
100-foot ARC lengths.
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Curve Areas

It is frequently necessary. whe computing
land areas, to determine certain areas bounded
by clements of the curve. Two of thesc areas,
which may be called the SEGMENTAL AREA
(SA) and the EXTERNAL AREA (EA), are
shown in figure 8-11.

EXTERNAL AREA /i
A ;62“532 "
PC ol \\\\\ L €N \\\\\\

82.172
Figure 8-11.—Curve ateds.

Fomwlas which may be used to compute
these areas are:

SA
CA

R/2 (A-Rsin Q)
R(T-A/2)

A computational check may be made by
comparing the sum of these two computations
against the value determiined by using the
formuia

SA+EA=C/2x (/2 x tan 4/2.

In order to get an exact check on your
computations, you may have to use, for compu-
tational purposes, a greater number of signifi-
cant digits for the elements (A, C, T, etc.) than
you would normally need for stakeout.

2
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An example of a

follows.
GIVEN: R = 400.00 ft.
A = 42°06'24"
C = 287.391t.
T = 153.973 ft.
L = 293.960 ft.
TO FIND:  EA, SA, and SA + EA
SOLUTION: SA = R/2(A-Rsin4)
SA = 400.00/2 (293.960 -
(400.00 x 0.670513)
SA = 200.00 (293.960 -
268.205)
SA = 200.00 (25.755)
SA = 5,151 sq. ft.
EA = R(T-L/2)
EA = 400.00 (153.973 -
(293.960/2))
EA = 400.00 (153.973 -
146.980)
EA = 400.00 (6.993)
EA = 2,797 sq. ft.

The sum of the two computations above is:
SA+LEA=5151+2,797 = 7,948 sq;. ft.

To check the above:

SA+EA = C/2xC/2x tan A[2
SA +EA = 287.39/2 x 287.39/2 x
tan 21°03'12"
SA+LEA = 143.695 x 143.695 x 0.394932
SA +EA = 2064.825 x 0.384932
SA+EA = 7.948 sq. ft.
DEGREE OF CURVATURE
COMPUTATIONS

The magnitude of the numerical differences
between the arc and chord definitions of the
degrec of curvature is indicated in figures 8-12
and 8-13. In figure 8-12 you are given a curve of
12,277.70 ft. radius with a A of 56°30". From
tables (discussed later) you find that the D
(chord def.) is 0°28'00", which is 0.46666667°
in terms of decimals of a degree. From before,

computation of the arcas
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L(chord def)=12,107.14'
L{arc def)=12,107.18'

4=56°30"

D{chord def}=0°28'00.000
D(arc def)=0°27' 59.996"

45.349.1
Figure 8-12.—Example 1: Degree of
curvature computatians.

L(chord def.)=144.87'
L(arc def)=147.71'

D{(chord def.)= 32°£0'00"
D{arc def.)=38°15' 04"

45.349.2
Figure 8-13.—Example 2: Degree of
curvature camputatians.

L= 100% .Substituting,L = 100 x 56.500000 =

0.46666667
12,107.14 ft. (chord def.). For the lengtli by the

are definition you may use L = 2rRA. Using the

360
given radius, L computes to be 12,107.18 feet
(arc def.). To find D (&rc def.), you may use the
relationship L = 100 D which may be arranged
100 A
L

D=

von

M

. Since you know A and L, may

substitute and find that D (arc def.)
0.46666543° or 0°27'59.996"". As you can see,
there is very little difference between the L’s
and D’s for a curve of such long radius.

Now refer to figure 8-13. Again you are given
a A of 56°30". But you are now given a short
radius of 149.79 feet. From tables based on the
chord definition, you may determine that D

(chord def) = 39°0000", Using L = 1002, you
find L (chord def.) = 144.87 feet. Using the
same procedures as for the long radius curve,
you find D (arc. def.) = 38°15'04” and L (arc
def.) = 147.71 feet. Compare the D’s and L’s
and you will see that there is a marked differ-
ence.

In thesec examples, the A and R were held in
cach case, and the D and L computed for each
definition. The same magnitude of differences
may be shownri by holding any two of the
elements (except, of course, R and D) and
computing the others. From this demonsttation
you should learn two important facts. First, that
you must always determine whether arc or
chord definition is intended when D is specified.
Second, that the numerical differences between
the arc and chord definitions are much more
significant on short radius curves than on long
radius curves.

PLOTTING AND STATIONING
A CURVE

You now have all the formulas you need to
make a basic analysis and a plot of a horizontal
curve. The data you have given is the location of
the P.I., the size of A (the central angle), and the
degree of curvature (D). We’ll assume that the
degree of curvature (arc definition) is 2°00’, that
the location of the P.1. is station 75 + 15.12, and
that the size of A is 45°30".

Begin by plotting the tangents from the P.1. as
illustrated in figure 8-14. Draw one of the
tangents at a convenient angle on the paper, and
draw the other at a deflection angle of 45°30’.
Mark the point of intersection (P.L) with the
station (75+15.12).

The next step is to locate the P.C. and the
P.T. by computing T. To compute T, you must
first compute R, which is 5,729.58/D, or
5,729.58/2, or 2,864.79 ft. T equals 2,864.79
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45.350

Figure 8-14.—Plotting a curve.

tan 1/2 A, or 2,864.79 ten 22.75°, or (by slide
rule) 1200 ft. For more precise values, you will
have to use logs or a calculating. machine.

Select a suitable scale on the engineer’s scale,
and measure off 1200 ft on the tangents from
the P.I. This locates the P.C. and the P.T. Draw
the radii from the P.C. and the P.T. by erecting
perpendiculars  fo the tangents. Each radius
should scale 2,864.79 ft. and the angle between
them should measure 45°30°. If this is not the
case, you have made a mistake somewhere.

Compute and set down the stations of the
P.C. and P.T. The station of the P.C. is (7515.12
- 1200), or 6315.12, or 63 + 15.12. The station
of the P.T., however, is DEFINITELY NOT
(7515.12 + 1200), or 8715.12, or 87 +15.12,
and you must avoid the common mistake of
assuming that it is. The distance from the P.C. to
the P.T. is the LENGTH OF THE CURVE or L.
To compute the station of the P.T., you must
compute L and add it to the station of the P.C.
L equals 100 A/D or 100 x 45.5/2 or 2275.00 ft.
The station of the P.T., then, is (6315.12 +
2275.00), or 8590.12, or 85 + 90.12.

In highway work, the SURVEY BASE LINE,
which is run in the field before the curves are
designed, is gencrally stationed as shown in
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figure 8-15, example A. After the curves are
computed, new stationing is set on the center-
line, using the lengths of the curves in the
manner just described. The new P.I. stations arc
based on stationing back, not ahead. Reference
may be made on the plans to the original SBL
stations of the P.1.’s as shown in figure 8-15,
example B. In some cases, where there are few
curves, for example, you may find it desirable to
use the original stationing on the tangents and
establish an EQUALITY at the P.T., as shown in
fisure 8-15, example C. At an equality, the
stationing value for the line back is different
from the stationing value of the line ahead. In
the illustration, the difference between the L
and the sum of the T’s is reflected in the
difference of the stationing back and ahead.
Equalities are also used to corrcct for revisions
to the centerline alignment after the final
stationing has been set, and also to correct for
errors or mistakes in fieldwork or computations.
An equality is sometimes marked on the plan
with a distinctive symbol to help direct atten-
tion to the change in stationing,
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Figure 8-15.—Stationing curves.
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TABLES OF CURVE FUNCTIONS

Many of the clements of curves you have
computed may be obtained more casily, par-
ticularly in the ficld, from tables.

Radii

Figure 8-16 shows a page from a table of
RADII AND THEIR LOGARITHMS. This table
wontains the radil and their logarithms for curves
of every degree of cunvature, chord definition,
to the ncarest minute, from 0° to 40°. As you
can see, the radius for the 2-degree curve used in
the last section is listed as 2864.93 ft; for the arc
definition, we got 2864.79 ft.-Next to the radius
is the log of the radius.

Functions of a 1° Curve-Arc Definition

Figure 8-17 shows a page from a table of
FUNCTIONS OF A 1° CURVE, arc definition,
using R = §730. This table lists, under central
angles to the nearest minate from 0° to 106°,
the L.C, M, E, and the T of a 1° curve. To get
the L.C., M, E, or T for a curve other than a 1°
curve, you divide the listed value by D, the
degree of curvature. For us, D equals 2°. Under
45° and beside 30 the listed T is 2402.8. This is
T for a 1° curve with aA of 45°30;. For our 2°
curve, T equals 2402.8/2, or 1201.4 ft.

The explanation of why dividing a tabular

value by your given degree of curvature (D) will
give you the value for that particular curve is as
follows. You hnow that, for any given hori-
zontal curve, T =R tan 1/2 4, and R = 5730/D.
Therefore, substituting 5730 for R in the first
5730 X tan 1/24
D
for T in the table are denved from this formula,
with a D iz, each case of 1°. For example. for a
curve with a central angle (A) of 5°, the listed
value of T is 250.17. If you work out the

5730 tan 2.5°
1

result is 250.17. You can see that, to get the

value for a D of other than 1°, you would

simply substitute that D for the | in the

formula. Te divide the result of the formula by

the specific D amounts to the same thing.

equation, T = . The values given

formula you will find that the

Q

The explanation with regard to the L.C. is
similar. For any horizontal curve, L.C. = 2R sin
1/2 A. Substituting 2(5730/D) for ZR, L.C.

11460 sin 1/24A

D The values in the table are
derived {rom this formula, with a D in each case
of 1°. To convert a tabuiar value to a value for a
D of other than 1°, you simply divide the
tabular value by the specific D.

The procedure for the determination of M
and L are, again, similar. For a curve of given 4,
divide the tabular M or E by the given D to
obtain the final value of M or E.

Precision of Computations

The values in the table of functions of a 1°
curve shown in figure 8-17 are based on a 1°
curve having a radius of the rounded-off valuc of
5730 feet instead of the more precise value of
5729.58 feet (arc definition) presentea earlier in
the chapter. This difference won’t matter for
many types of computations, but there are times
when you may be using numbers with so many
significant figures that the table will not provide
the proper precision. For example, the curve in
figure 8-12 has a radius of 12,277.7 feet (to six
significant figures) and a A of 56°30" Using the
formula L.C. = 2R sin A/2 you get L.C. =
11,622.6 feet. But, using the table, you enter
under A = 56°30' (not shown in the figure) and
get L.C. = 5424.1 for the 1° curve (based on an
R rounded off at the fourth significant figure).
Divide by D (which is 0.466665°) and you get
L.C. = 11,623.1 feet; a difference from using the
formula of 0.5 foot too much for some types
of computations. This example points out the
necessity of being aware of the number of
significant figures involved in your calculations.
For most fieldwork, however, tables such as
those shown will give you answers of sufficient
precision.

Functions of a 1” Curve—Chord Definition

In the table shown in figure 8-17, the values
of L.C., M, E, and T are exact for the arc
definition only, not the chord definition. This is
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Deg. Radius Log. ‘ Deg. Radius Log. Deg. Radius Log.
D. R. . R | D R. R. D. R. R.
€ ° ’ ‘ “ ° ’ _

0 0 % © o1 0 5720.65 | 3.758128 2 0 2864.93 | 3.457115
1 343774.68 5.536274 | 1 5635.72 . 750950 1 2841.26 .433511
2 171887.34 .235244 1 2 5544.83 .743888 2 2817.97 .449937
3 114591.56 .059153 3 5156.82 .736939 3 2795.06 .446392
4 85943.67 4.934214 4 5371.56 730100 4 2772.53 . 442876

‘s 754.94 4.837304 5 5288.92 3.723367 5 2750.35 3.439388
6 57295.79 .758123 6 5208.79 716737 6 2728.52 .435928
7 19110.68 .691176 7 5131.05 .710206 7 2707.04 432495
8 42971.84 .633184 8 5055.59 .703772 8 2685.89 429089
9 38197.20 .582031 9 1982.33 .697432 9 2665.08 .425710

10 34377.48 $.536274 10 4911.15 3.691183 10 2644.58 3.422356

11 31252.26 494881 11 1841.98 .685023 11 2624.39 . 419029

12 28647.90 . 457093 12 4774.74 .678949 12 2604.51 415727

13 26444.22 . 422331 13 4709.33 672959 13 ~2584.93 412449

14 24555.35 .390146 iz 4645.69 .667051 14 2565.65 .409197

15 22918.33 4.360183 15 4583.75 3.661221 15 2546.64 3.405968

16 21485.94 .332154 16 4523. 44 655469 16 2527.92 .402763

17 20222.356 . 305825 17 1464.70 649792 17 2509.47 .399582

18 190098. 61 . 281002 18 4407.46 .641489 18 2491.29 .396424

19 18093. 43 .257521 19 4351.67 .638656 19 2473.37 .393289

20 17188.76 $.235244 20 4297.28 3.633194 20 2455.70 3.390176

21 16370.25 .214055 21 4244.23 627799 21 2438.29 .387085

22 15626.15 .193852 22 4192.47 .622470 22 2421.12 .384016

23 14946.75 174547 23 4141.96 .617206 23 2404.19 380069

24 14323.97 . 156064 24 4092.66 .612005 24 2387.50 .377943

25 13751.02 4.138335 25 4044.51 3.606866 25 2371.04 3.374938

26 13222.13 . 121302 26 3997.48 .601787 26 2354.80 .371954

27 12732.43 .104911 27 3951.54. .808756 27 2338.78 368590

28 12277.70 .089117 28 3906.64 .591803 28 2322.98 . 366046

29 11854.35 L073877 20 3862.74 .586896 29 2307.39 363122

30 11459.19 4.059154 30 3819.83 3.582044 30 2292.01 3.360217

31 11089.54 .044914 31 3777.85 577245 31 2276.84 .357332

32 10743.00 .031125 32 3736.79 572499 32 2261.86 .354466

33 10417.45 .017762 33 3696.61 .567804 33 2247.08 .351618

34 10111.06 .004797 34 3657.29 .563160 31 2232.49 . 348789

35 9822.18 3.992208 35 3618.80 3.558564 35 2218.09 3.345979

36 9549.34 .979973 36 3581.10 .554017 36 2203.87 .343187

37 9291.25 . 068074 37 3544.19 .949517 37 2189.84 340412

38 9046.75 .956492 38 3508.02 .545063 38 2175.98 037655

39 8814.78 .945212 39 3472.59 .540654 39 2162.30 .334915

10 8594.42 3.934216 30 3437.87 3.536289 10 2148.79 3.332193

41 8384.80 .923493 41 3403.83 .531968 41 2135.44 .329488

12 8185.16 913027 12 3370.46 .527690 12 2122.26 .326799

43 7994.81 .902808 13 3337.74 .523453 43 2109.24 324127

44 7813.11 . 892824 44 3305.65 .519257 44 2096.39 .321471

45£.45.4

Figure 8-16.—Sample page from table of radii and their logarithms.
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14° 45°
L. C. M. E. T. L. C. M. E. T.
0 4293.0 417.2 450.0 2315.1 4385.5 436.2 472.1 2373.4 0
2 4296.1 417.8 450.7. 2317.0 4388.6 436.8 472.9 2375.4 2
4 4299.2 418.4 451.5 2319.0 4391.7 437.5 473.6 2377.3 4
6 4302.2 419.1 452.2 2320.9 4394.7 438.1 474.4 2379.3 6
8 4305.3 419.7 452.9 2322.8 4397.8 438.8 475.1 2381.2 8
10 4308.4 420.3 453.7 2324.8 4400.9 439.4 475.9 2383.2 10
12 4311.5 421.0 454.4 2326.7 4404.0 440.0 476.6 2385.2 12
14 1314.6 421.6 455.1 2328.7 4407.0 410.7 477.4 2387.1 14
16 4317.7 422.2 155.9 2330.6 4410.1 441.3 478.1 2389.1 16
18 4320.7 422.9 456.6 2332.6 4413.2 442.0 478.9 2391.0 18
20 4323.8 423.5 457.3 2334.5 4416.3 442.6 479.6 2393.0 20
22 4326.9 4241 458.1 2336.4 1119.3 443.2 480.4 2394.9 22
24 4330.0 124.8 458.8 2338. 4 4422.4 443.9 481.1 2396.9 24
26 4333.1 425.4 459.5 2340:3 4425.5 144.5 481.9 2308.8 26
28 4336.2 426.0 460.3 2342.3 4428.6 445.2 482.6 2400.8 28
30 4339.2 426.7 461.0 2344.2 4431.6 445.8 483.4 2402.8 30
32 4342.3 427.3 461.7 2346.1 4434.7 446.4 484.2 2404.7 32
34 4345.4 427.9 462.5 2348.1 4437.8 447.1 484.9 2406.7 34
36 4348.5 428.6 463.2 2350.0 4440.9 447.7 485.7 2408.6 36
38 4351.6 429.2 463.9 2352.0 4444.0 448.3 486.5 2410.6 38
0 4354.7 429.8 164.7 2353.9 4447.0 448.9 487.2 2412.6 40
12 4357.7 430.5 465.4 2355.9 4450.1 449.5 488.0 2414.5 42
44 4360.8 431.1 466.2 2357.8 4453.2 450.2 488.7 2416.5 44
46 4363.9 431.7 466.9 2359.8 4456.3 450.8 489.5 2418.5 46
48 4367.0 432.4 467.7 2361.7 4459.3 451.5 490.3 2420.4 48
50 4370.1 433.0 468.4 2363.7 4462.4 452.1 491.0 2422.4 50
52 4373.2 433.6 469.1 2365.6 4465.5 452.7 491.8 2424.4 52
54 4376.2 434.3 469.9 2367.6 4468.6 453.4 492.5 2426.3 54
56 4379.3 434.9 470.6 2369.5 4471.6 454.1 493.3 2428.3 56
58 4382.4 435.6 471.4 2371.5 4474.7 454.8 494.1 2430.2 58
60 43%5.5 436.2 472.1 2373.4 | 4477 455.5 494.8 2432.2 60
45455
Figure 8-17.—Sample page from table of functions of a 1° curve.
because in the case of the arc definition, R varies Usine the f las R = 5729.58 and R = 50
inversely as D, and you reflect this relationship Sing the tormulas D sin D/2

when you divide the tabular values (which are
functions of R) by D. But for the chord
definition, R varies inversely with the sin D/2
instead of with D. The net result is, that for the
chord definition, a small correction must be
applied to the tabular values obtained. Figure
8-18 shows a table which provides such correc-
tions for T and E. Note that the corrections
become larger as both A and D increase.

The differences involved may be demon-
strated by assuming D = 30° for both an arc
definition curve and a chord definition curve.

Q
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or tables based on these formulas, you may
determine that R for the arc definition is 190.99
feet and R for the chord definition is 193.19
feet, all as shown in figure 8-19. Now assume
that A is 45° in both cases. Using the formula T
= R tan A/2, you get T (arc def.)=79.11,and T
(chord def.) = 80.02. Now compare these values
with those determined by using the table shown
in figure 8-17. Under T for 45°00" you will find
the value 2373.4 ft. for the 1° curve. Divide the
2373.4 by 30 (which is D) and you get 79.11
feet. Note that this agrees with the value for T

<0
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Corrections To Be Added to Tangents and External Distances for
Curves Laid Qut by Chord Definition

FOR TANGENTS ADD

Degree of curve
Central angle

(degrees) 1 o k o ° o ! ° ‘ 5 o Y o.-
Pe b e e e | e | e | w0

I R :
10cccmcaaa.. - 0.03; 0.06! 0. 09*l 0.13; 0.16, 0. 19, 0.25 0.31; 0. 38
P ) F .06 .13] .19' .26| .32 .39 .51} .65 .79
30 ccmcccaaan L10) 190 .29 .39) .49, .59 .79 .99 1.20
40cccccanaa. 13 . 26] .40; .53] .67| .80 1.06] 1.34] 1.64
50cucecccannn 17 .34 .51 .68 .85 1.02] 1.36; 1.72! 2. 10
(510 L2100 420 . 63] .84 1.05! 1,27} 1. 71 2. 17" 2. 60
0 ceceaeas .25; .51 .761 1.02; 1.28 1.54] 2.06{ 2.60 3.16
80cceeaena... L300 .61 .91 1,22 1.53] 1.84] 2. 46! 3. IOE 3.78
90.nennennnn- ! .36] .72 1.09} 1. 45 1.83] 2.20} 2. 94| 3. 70] 4. 50
1000 b .43] .86} 1.30, 1. 74; 2. 18] 2. 62; 3. 50| 4. 40; 5. 37
1200 ... .62] 1.25 1. 93! 2.52! 3. 16} 3.81; 5. 11! 6. 44 7. 80

H b 1 h !

FOR EXTERNALS ADD
Degree of curve
Central angle

(degrees) f [ :
5° 10° | 18° t 20° { 25° | 30° | 400 | 8 | e

| ’ { ! | !
10-——--- ... .."0. 001}0. 003 0. 004'0. 006'0. 007,0. 0080. 011{0. 014'0. 017
20l | . 006} . 011} . 017} . 022} , 028! . 034} .,045} . 057! . 070
30 e * . 013} . 025} . 038} . 051 . 065} . 078 . 103} . 129 . 170
400 cceeaae . 023} . 046} . 070] . 093] . 117} . 141] . 203] . 265} . 290
50 cccceaaa. 037} .075] . 116/ . 1511 . 189] . 227; . 305| . 384} . 467
600 ccecanaa.. . 056; . 112¢ . 168} . 225; . 283 . 340} . 457] . 575} . 697
0 ceeaaannn . 080; . 159; . 240, . 321 . 403] . 485} . 652] . 819! . 994
80 , 110} . 220) . 332! . 445] . 558] . 671| . 903{1. 13 1. 38
90 et . 1491 . 299; . 450 . 603; . 756} . 910,1. 22 {1. 54 [1. 87
100 ... . 200] . 401} . 604] . 809|l. 01 [1.22 11. 64 |2.06 |2. 50
120cccca oo . 360} . 721{1. 08 {1. 45 |l. 82 {2.19 {2. 95 [3. 72 |4. 50

45.45.6
Figure 8-18.—Table of corrections to be added to tangents and external distances for

curves laid out by chord definition.

ERI
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(arc definition) worked out from the formula.
This value must be corrected if you are using the
chord definition, so enter the table in figure
8-18 under a 30° curve and opposite the 40° and
50° angles. Interpolate (for the 45° A assumed in
this case) between the values 0.80 and 1.02
shown, and you get 0.91 ft. correction. Add this
correction to the 79.11 feet you get from the
table in figure 8-17, and your answer is 80.02.

This agrees with the values determined from the
formula. To work out the values for L.C. you

may use the formula L.C. = 2R sin A/2, using the
R computed for each definition. The results are
shown in figure 8-19. Now compare-these with
the L.C. computed by using the table in figure
&17. Under 45°00' you will find L.C. for the 1°
curve is 4385.5 feet; divide by 30 (which is D)
and you get 146.18 feet. This agrees with the
value shown in 8-19 for the arc definition.
Figure 8-18 shows corrections for E as well as T;
the procedure for computing E is the same as
that described for computing T.
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O(orc def )= 30°

O (chord def)=30°

45.352
Figure 8-19.—Curve computations: arc definition
versus chord definition.

PLOTTING BY DEFLECTION ANGLES

You could plot in the curve in figure 8-14 by
compass, providing you had a compass large
enough to be spread to the radius of the curve.
However, we'll plot the curve in by the DE-
FLECTION ANGLE method, because this is the
method most frequently used to stake out a
curve in the field.

First, consider figure 8-20. This figure shows
an arc, a tangent drawn at one end of the arc,
and the chord of the arc. The arc subtends an
angle (the one we call the central angle, or A) of
66°. The angle between the tangent and the
chord (called &, or little delta) measures one-half
of that, or 33°. The deflection-angle method of
curve layout is based on the fact that the angle
formed by a tangent drawn at one end of an arc
and the chord of the arc (that is, the deflection
angle of the chord from the tangent) is one-half
the size of the angle subtended by the arc.

4=33°

45.353
Figure 8-20.—Angle between tangent and chord
equals one-half of central angle.

We’ll apply that fact, now, to plot a series of
points along the arc of the curve illustrated in
figure 8-21. You are given D = 20° (azc def.) and
A = 80°. First draw a line for the back tangent,
select a point on the line for the P.I., protract
the A of 80°, and draw the tangent ahead. Next,
determine T using a table or formula. To use the
formula you need R:

D = 20° (arc def.)
R = 5729.58/D
R = 5729.58/20
R = 286.48 ft.

Using R, you may compute T:

R tan A/2

286.48 X tan (80°/2)
286.48 X tan 40°
286.48 X 0.83910
240.39 ft.

s
mwawuun

Scale T back from the P.I. and mark the P.C,;
scale T ahead of the P.I. and mark the P.T.

Now assume that you decide to plot three
points on the curve between the P.C. and the
P.T., dividing the arc into four equal segments.
The A for the total curve is 80°, each segment is
1/4 of the total arc; therefore the A for each

216
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\ "
oa0°

D=20%(arc det)

scale 1"=100"

45.354

Figure 8-21.—Plotting a curve by drawing a succession of chords.

partial arc is 80°/4 or 20°. Since the deflection
angle is 1/2 80° or 40°, and § for each segment
is 1/2 20° or 10°. Set the centef of your
protractor at the P.C. with 0° on the line
through the P.I.; mark off deflections of 10°,
20°; 30°; and 40°; then draw four rays from the
P.C. The three intermediate points on the curve
will be on the first three rays; and the last ray,
passing through the P.T.,.marks the long chord
of the whole curve. The final step in locating the
P.O.C.’s is to set your compass point at the P.C.
and mark an arc (numbered 1 in figure 8-21)
across the first ray; the intersection of the arc
and the ray is the first P.O.C. Then shift your
compass point to the first P.O.C. and swing arc
2, marking the second P.O.C. Swing arc 3 from
the second P.O.C. in the same manner. The last
arc, swung from the third P.O.C., should inter-
sect the P.T. BUT, what length do you set your
compass to when you swing the arcs? You use
the chord which subtcnds each partial arc. In
this case you divided the curve into four equal
parts, each with a A of 20°. The chord distance
to which you set your compass, then, is:

chord = 2R sin A/2

chord = 2(286.48) X sin (20°/2)
chord = 572.96 X sin 10°

chord = 572.96 X 0.17365
chord = 99.49 ft.
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After you have located the P.O.C.’s you caan
draw in the line of the arc with a railroad curve
or a spline.

CURVE STAKEOUT IN THE FIELD

The foregoing is, basically, the method used
to stake out a curve in the field. The transit is
used to turn the deflection angles, and the steel
tape is generally used to lay off chords. Field
stakeout, however, is complicated by the fact
that the curve must be correctly stationed along

in the field are selected to meet the require-
ments of the job. Also, it may not be possible to
turn all the deflection angles from the setup at
the P.C., so you may have to move ahead on the
curve.

Staking the P.C. and P.T.—Arc Definition

Suppose that you are setting the alignment
and staking the centerline of a road in the field,
that you have set a P.I. at station 80 + 91.47 and
established a A of 45°, and that you have
decided upon a 10° curve (arc definition); all as
shown in figure 8-22. Reference to a table of
functions of a 1° curve shows that, for a A of
45°, T is 2373.4 for a 1° curve Divide by 10
(since D is 10°) and you find that T is 237.34 ft.
Subtract T from the station of the P.I. and you
get the station of the P.C.: 78 + 54.13.

i3




ENGINEERING AID 1 & C

The next step is to determine L, sg
may station the P.T. Since L = 100 0
case is 100 X i;—g— or 450.00 feet. Add 450.00
feet to the station of the P.C. (78 + 54.13) and
you get the siation of the P.T.: 83 + 04.13.
Measure 237.34 feet back from the P.I. and
mark the P.C.; measure 237.34 feet ahead from
the P.I. and mark the P.T. Staking the P.T. gives
you a point to check in to when you perform
the final operation, that is, staking the points on
the curve.

that you
L in this

Staking the P.C. and P.T.—Chord Definition

If you had selected a 10° curve, chord
definition (instead of arc definition) in the
preceding example, you would follow exactly
the same procedure in computing and staking
the P.C. and P.T. But the T is somewhat
different for the chord definition since the
correction must be applied. The table in figure
8-18 indicates, under a 10° curve and interpolat-
ing for the 45° central angle between the values
opposite 40° and 50°, a correction of 0.30 ft.
Therefore, the T for the chord definition is
237.34 ft plus 0.30 ft or 237.64 ft. Subtracting
T from the station of the P.I. (80 + 91.47) you
get station 78 + 53.83 for the P.C. (See fig.
8-22.) The length is siill 450.0C i, but for the
chord definition it represents the distance along
a series of 100-foot chords instead of the
distance along the arc. The procedure for sta-
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45,355

Figure 8-22.—Staking a curve.

tioning the P.T. is the same as berore: add the L
(450.00 ft) to the station of the P.C. (78 +
53.83) and you get 83 + 035.33, the station of
the P.T.

Staking the P.O.C.’s

After the P.C. and P.T. have been siaked, the
next step is to stake the selected stations on the
curve. The usual procedure is to occupy the P.C.
and turn thc deflection angles to successive
stations while the chords are laid off from one
station to the next. Set up at the P.C,, set the
plate at zero, back sight at a point on the back
tangeut, plunge the scope, and turn the deflec-
tions. Or, if it will give you a longer backsight,
use the P.I. as the backsight. To set the first
P.O.C., one chainman holds the end of the tape
at the instrument (at the P.C.) while the second
chainman holds the appropriate chord distance
on the tape and swings the tape until he
intersects the line of sight of the first deflection
angle, he then marks a stake with the station
number and drives a hub and/or stake at the
point established. Next, the instrumentman
turns the second deflection, the chainmen move
ahead to the second P.O.C., and the second
station is marked, the process is repeated at each
point until the P.T. is reached - the last angle and
distance should check in to the previously-
staked P.T.

The stations may be staked at intervals of
100, 50, 25, or sometirues 10 feet, depending on
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the type of construction and the degree of
curvature. The intervals are marked at full
stations and fractions thereof, such as 9 + 00, 9
+ 25, 9 + 50, 9+ 75, 10 + 00, and so on. If a
curve were to begin and end at full stations, and
you were staking it on 100-foot stations, the
computations would be simple; the chords
would all be the same, and deflections would ali
be the same (each angle would e D/2, because &
is 1/2 A, and A is D for a 100-foot length). But
P.C.’s and P.T.’s almost always fall at odd pluses,
that is, beyond a station at a plus distance other
than the specified interval. Therefore, you will
usually have to figure an irregular deflection and
chord for the first length past the P.C. and for
the last length before the P.T.

Chords~Arc Definition

When the arc definition of the degree of
curvature is specified, the length of a curve is
stationed along the arc; but, in the field, you
must measure chords, and not arcs, with the
tape. The chord is always shorter than the arc,
and the problem created by this fact may be
solved in either of two ways. First, you may use
chords that are short enough so that the

difference between the arc and chord lengths is
insignificant, or sccond, you may determine and
measurce the actual chord length which corres-
ponds to the arc length being stationed.

To climinate corrections by using short
chords, you must consider the degree of curva-
ture. The sharper the curve, the shorter the
chords must be to obtain the precision appro-
priate to the given job. For work of ordinary
precision, a typical guide which might be estab-
lished for a job 3s:

For D of less than 2°, use 100-ft chords
For D from 2° to 7°, use 50-ft chords
For D from 7° to 18°, use 25-ft chords
For D greater thar 18°, use 10-ft chords.

To determine the chord length for a given arc
length, you may either compute the chord using
the formulas presented carlier in this chapter, or
refer to tables which show chord lengths for arc
definition curves. Figures 8-23 and 8-24 show
such tables. one is for curves defined by D, and
the other for curves defined by R.

Now apply the foregoing information to the
10° curve shown in figure 8-22. Rem=mber that

0 Chord for § Chord for | Chord for
Degree of curve (degrees) Radlus-s.m.bs—ﬁ 25 feet 50 feet 100 feet
of arc of arc of ure

) 5, 729. 58 25.00 50.00 - 100. 00
P, 2,864.791 25.00| 50.00; 100.00
S 2 1, 909. 86 25. 00 50. 00 99, 99
O 1, 432. 40 25. 00 50. 00 99. 98
[ 1, 145. 92 25. 00 50. 00 99. 97
[ IR 954. 93 25. 00 50. 00 99. 95
T eemccacaecanannen 818. 51 25,00 50. 00 99. 94
Beeecancncnncnan.- 716. 20 25. 00 49. 69 99. 92
[ I 636. 62 25. 00 49. 99 99. 90
10 e e ieeaee 572. 96 25. 00 49. 98 99. 87
) 477.46 | 25.00 | 49.98 1 99. 82
14 o araaaeas 409. 26 25. 00 49.97 - 99.75
T 358.10 § 25.00 | 49.96 ! 99. 68
18 e coeeeaen 318.31 1 2499 49.95 99.59
20, et 286. 48 24. 99 49. 94 99. 49
P2 260. 44 24. 99 49.92 ; 99.39
b7 S 238.73 1 24.99 | 49.91 ‘ 99. 27

45.45.7
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Radlus Chorg:;nr 25 Radius Chorda:gr 100"
I

100 @ 2493 600 99, 88

150 24.97 | 700 99, 91

200 ! 24.98 ; 800 99, 93

- 900 99. 95

Chords for 50 ” 1, 000 99. 96

we 1500 99. 97

il 2,000 99. 98

250 19,92 2, 500 99. 99

300, 19. 94 3, 000 100. 00
350 49 96
400 49. 97
450 49, 97
500 19. 98

45458

Figure £-24.—Table of lengths of chords for
even radius curves (arc definition).

you are using the arc definition for this first
example. You may find it convenient to tabulate
the stakeout information as shown in figure
3-25. 'lhe first column shows the stations. The
second shows the arc lengths between the
stations, these are found by subtracting one
station from the next. The totals at the bottom
of three of the columns are a check on your
arithmetic. The third column shows the central
angle for each arc length. By definition, the A
for a 100-foot length is 10° because D is 10°.
The other central angles are proportional. the A

for 45.87 ft is-‘% X 10° or 4.587° or 4°35';
the A for 4.13 ft is 4.13 X 10° or 0.413° or

100
0°25". The deflection angles in the fourth
column dre as previously explained, one-half the
central angles. The fifth column shows the total
of the deflection angles to the station indicated,
these are the values which you will set on your
instrument as the chainmen progress from one
station to the next along the curve. The last
column shows the chords which the chainman
will measure from one station to set the next.
Reference to the table in figure 8-23 shows that
the chord for a 50-foot arc of a 10° curve is
49.98, that is, a 0.02 ft correction. The first arc
length in the table (45.87 ft) is sufficiently close
to 50 ft, so the same correction is reasonable,

~re .

' P Tl

Curve Stakeout Table
(Arc Definition)
D=/0* L=45000 ss45°
Station | Arc s V| petaction| Chord
PC~T0e54.13
4537 | 4°35' |2°77'30” 4635 |
79+ 00 2%7'30%
100.00 [/0%00’ | 5%0'05" 99.§1
fo+ 00 7°77°'30"
100-00 | 10%06' | 5 %004 99.87
£+ 00 /2°%7°'30"
100.00 | 10%00’ | 5 %000 99-87
§2+00 17%7°36"
100.00 | 1000 | 5000 99.37
£3+00 22%1730"
4/3| 0°25' 0*1y'30" 4.13
BT-13+0£./3 22°3009]
450.00 | 45°00°| R2*20’
45.356

Figure 8-25.—Curve stakeout table
(arc definition).

therefore, the first chord is 45.87 minus 0.02 or
45.85 ft. The reasonableness of this procedure
may be shown by using the formula C = 2R sin
Af2 and a more precise value of A C=2(572.96)
(sin 2°17'36"") = (1145.92) (0.040016) = 45.855
ft; sufficiently close to 45.85 ft for most work.
The chords for the 100-foot arcs are 99.87 ft,
from the table. The last arc, 4.13 ft, is so short
that no correction is needed.

Chords~-Chord Definition

When the chord definition of the degrec of
curvature is specified, the length of the curve is
stationed along a serdes of 100-foot chords,
which is what you may be actually measuring in
the field. But when the P.C. and P.T. fall at odd
pluses, and when the curve is sharp, you will be
laying off chords of less than 100 ft, and these
subchords will be LONGER than their nominal
proportion of the standard 100-foot chord. This
fact may be readily seen by studying the
simplified example shown in figure 8-26. Let AB
be a 100-foot chord of the curve. Assume that
you decide to set one more point, C, on the
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45.357
Figure 8-26.—Subchords by chord definition.

middle of the curve. The two chords AC and CB
are, nominally, “50-foot chords”, but, since
there are two equal sides opposite the 100-foot
hypotenuse in triangle ABC, they obviously
have to be longer than 50 ft.

Methods which may be used to determine
actual subchord length include (1) the use of a
formula, {2) the use of tables of excess of arc
and ratio of correction, and (3) the use of a
table of corrections for subchord lengths.

Let ¢ be the actual length of a subchord. * et
d be the central angle subtended by c. As shown
before (see fig. 8-7):

s'n _D_ = -5—0.

M3 =X
Therefore sin ?: %
Similaiiy, sin % = %R'

Since they are proportional,

. D 100
M= 3R
sSin %_ ,—)%

Cross multiplying and solving for c:

(5) (5) - (od) ()
o) 0 =in3) ()

T> ©) = (sin g
sin 5

00

¢ =1
sin =-
2

N

o d
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This last expression is a formula you may use to
compute the actual length of c.

The actual arc length is always greater than
the chord; the amount of excess increases as the
curvature (D) increases. Figure 8-27 shows a
sariipic page from a table of long chords and
actual arcs. As you can see from the table, the
excess of arc for one station is 0.127 ft for a 10°
curve and 0.326 ft for a 16° curve. Now let us
call the amount by which an actual subchord
length exceeds the nomina! length the “correc-
tion” of the subchord. This cor.ction for any
subchord bears an almost constant rau.o to the
excess of arc per station, whatever the degree of
curvature might be. Figure 8-28 shows this ratio
for various nominal subchords. To determine the
actual subchord length in a given case, multiply
the excess of arc per station for tfie given degree
of curve (fig. 8-27) times the ratio of correction
(fig. 8-28) for the given subchord nominal
length.

The third method of determining the actual
subchord length is to interpolate from a table of
corrections for subchord lengths. Figure 8-29
shows such a table, together with an explanation
and an example.

Now apply these methods of computing
subchords to the curve shown in figure 8-22. Set
up a curve stakeout table (fig. 8-30) similar to
the one prepared for the arc definition curve. As
before, the first column shows the stations. The
second column is headed “length” instead of
“arc” in this case, because the length of the
curve is measured along the 100-foot chord
lengths and the nominal subchord lengths. The
third, fourth, and fifth columns, showing the A,
the deflection angle, and the total deflection
angle, arc computed in exactly the same manner
as for the arc definition example. The first chord
length in the last column is the actual length of
the nominal 46.17-foot chord. You may use the
following formula to compute it:

_ sin 2°18'30"
= 100 G s%0700™

.040277

= 100 527158

= 46.21
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Long chords
Degree | Actual are, Degree
of curve 1 station of curve
2 sta. 3 sta. 4 sta. § ata. 6 sta. 7 sta. 8 sta.
—-.* [} ’
‘10 0 100.127 199.2 207.0 392.4 484.9 573.7 638.1 737.5 0 0
10 131 99,2 96.9 92.2 84.4 72.8 56.7 35.5 10
20 136 99.2 96.8 91.9 83.9 71.9 55.3 33.4 20
30 140 99.2 96.7 91.7 83.4 71.0 53.9 31.3 30
40 145 99.1 96.5 91.4 82.8 70.1 52.4 29.1 40
50 149 99.1 96.4 91.1 82.3 69.2 51.0 27.0 50
11 0 100.154 199.1 296.3 390.8 481.8 568.2 649.5 724.8 1m0
10 158 99.1 96,2 9.6 81.2 67.3 18.0 22.5 10
20 163 99.0 96.1 9.3 80.7 66.3 16.5 20.3 20
30 168 9.0 96.0 9.0 80.1 65.3 4.9 18.0 30
40 173 949.0 95.9 89.7 79.5 61.3 43.3 15.7 40
50 178 98.9 95.7 89.4 78.9 63.3 41.8 13.3 50
12 0 100.183 198.9 205.6 389.1 478.3 562.3 610.1 710.9 12 0
10 188 08.9 95.5 88.8 77.7 61.3 38.5 08.5 10
20 193 98.8 95.4 88.5 77 60).2 36.9 06.1 20
30 199 98.8 95.3 88.2 76.5 59.2 35 2 03.7 30
40 204 98.8 95.1 87.9 75.9 58.1 33.5 01.2 40
50 209 98.7 95.0 87.6 75.3 57.0 31.8 698.6 50
13 0 100.215 198.7 204.9 387.2 474.6 555.9 630.1 696.1 13 0
10 220 98.7 94.7 86.9 74.0 54.8 28.3 93.5 10
20 226 98.6 94.6 86.6 73.3 53.7 26.5 80,9 20
30 232 98.6 94.5 86.3 72.7 52.5 24.8 88.3 30
40 237 98.6 94.3 85.9 72.0 51.4 22.9 85.7 40
50 243 98.5 94.2 85.6 71.3 50.2 21.1 83.0 50
14 0 100.249 198.5 204.1 385.2 470.6 519.1 619.3 680.3 14 0
10 255 98.5 03.9 84.9 70.0 7.9 17.4 77.5 10
20 261 98.4 93.8 81.5 69.3 16.7 15.5 74.8 20
30 267 98.4 93.6 81.2 68.6 45.5 13.6 72.0 30
40 274 98.4 93.5 83.8 67.8 44.2 11.7 69.2 40
50 280 98.3 93.3 83.4 67.1 43.0 00.8 66.3 50
15 0 100.286 198.3 203.2 383.1 466. ¢ 541.7 607.8 663.5 15 0
10 293 98.3 93.0 82.7 65.7 40.5 05.8 0.6 10
20 299 98.2 92.9 82.3 64.9 39.2 03.8 57.7 20
30 306 98.2 92.7 81.9 64.2 37.9 01.8 51.8 30
40 312 98.1 92.6 81.5 634 36.6 599.8 51.8 40
50 319 08.1 92.4 81.2 62.6 35.3 97.8 48.8 50
16 0 100.326 108.1 202.3 380.8 461.9 534.0 595.7 645 8 16 0
10 332 98.0 92.1 80.4 61.1 32.6 93.6 42.8 10
20 339 98.0 91.9 80.0 60.3 31.3 91.5 39.7 20
30 346 97.9 91.8 79.6 59.5 29.9 89.4 36.6 30
40 353 97.9 91.6 79.1 58.7 28.6 87.3 33.6 40
50 361 97.8 91.4 78.7 57.9 27.2 85.1 30.4 50
Degree | Actual are 2 gta. 3 sta. 4 sta. 5 sta. 6 sta. 7 sta. 8 sta. Degree
45.45.9

Figure 8-27.—Sample page from table of long chords and actual arcs {chord definition).
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Nominal 7
éf"'/; fj of' Pato {(V:ﬁ”;;”;o Fatvo
YL a(o’ 552%«!/
o 0.000 X5 0.883
5 0050 ¢o 0 383
10 0.099 ¢S5 0.374
/5 o/47 Il 0.356
20 0192 || 7¢ | o.327
a5 0.234 fo 0.287
30 0.279 85 0.255
35 0.307 90 0.169
fo 2336 85 0.092
45 0.358 /o0 0.000
S0 0.974
45.45.10

Figure 8-28.—Table of ratlo of correction of subchords
to the excess of arc per station (chord definition}.

Or, you may determine the excess per station
(0.127) for a 10° curve from figure 8-27; then
multiply the excess by the ratio of correction
(0.36) interpolated for 46.17 feet from figure
8-28. The correction to be added to 46.17, then,
is (0.127) X (0.36) or 0.046, which you may call
0.05. The actual chord, then, computes to be
46.17 plus 0.05 or 46.22 ft. Or, to apply the
third method, you may interpolate in figure
829 opposite 10° between 25 ft and SO ft, and
determine a correction of 0.045 (which you may
call either 0.04 or 0.05) to be added to 46.17,
giving you either 46.21 or 46.22. Note that all
methods provide answers within a few thousand-
ths of a foot of one another, such differences are
not significant for most fieldwork. If a more
exact value were needed, however, you could
use a more precise value of d/2 in the equation
and get your answer to the thousandth. The
remaining chords in the last column or figure
830 require no correction, the 100-foot chords
are exact because you are using the chord
detinition of degree of curvature, and, as before,
the last chord is small enough to need no
correction.

Intermediate Set-up

In the foregoing examples, the assumption
was made that the entire curve could be staked
out with the instrument set up on the P.C. This

ERIC

is not always possible: there may be obstructions
on the line of sight, or the curve may be so long
that it isn’t practical to keep' the instrument at
the P.C. In these cases, it is necessary to move
ahead on the curve and set up at an intermediate
point on the curve. Assume that, in figure 8-22
station 80 + 00 has been staked from the P.C.,
that obstructions prevent your sighting station
81 + 00, and that you must move ahead to
station 80 + 00.

To understand the method of training the
telescope from one station to a subsequent
station, study figure 8-31. This figure shows a
semicircular curve, running from A to D, and a
tangent at A. The curve is divided into three
intervals of arc, and the stations are connected
by three equal chords: AB, BC, and CD. The
chord from A to B is chord AB; chords from A
to C and from A to D are indicated by the
dotted lines AC and AD.

The deflection angle between AB and the
tangent is 30°; tais is the COMPUTED DEFLEC-
TION ANGLE for station B. Then the computed
deflection angle for station Cis 2 X 30°, or 60°;
and the computed deflection angle for station D
is 3 X 30°%.0r 90°. Remember that the com-
puted deflection angle for any station is the
angle between the tangent at the P.C. and the
chord running from the P.C. to the station.

The deflection angle between chord BC and
chord AB (extended) measures TWICE the size
of the deflection angle between chord AB and
the tangent. If you were set up at station B, you
could turn this deflection angle by plunging the
telescope, sighting back on A, setting the vernier
at 0, replunging, and tuming 60° to the right.
That is, you could turn the deflection angle
from station B to station C by backsighting on
A, setting the computed deflection angle of
station A (which is 0°) on the vernier, and then
turning (to :he right, in this case) an angle equal
in size to the computed deflection angle for
station C, )

Similarly, if you were set up at station C, you
could train the telescope on station D as
folows: ‘Backsight on station B, and set the
computed deflection angle of station B (30°) on
the vernier. Then plunge the telescope, and turn
right until you read the computed deflection
angle for station D (90°) on the vemier. Or,
backsight on station A and set the computed
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CORRECTIONS FOR SUBCHORD LENGTHS
(CHORD DEFINITION)

For setting stakes for sharp curves it is often necessary to use chord lengths less than 100 feet. % he most
common chord lengths are 50, 25, 20, and 10 feet, in order as the degree of curvature increases. Common
and accepted practice prescribes that the length of a curve be measured in chords 100 feet long and fractions
thereof. The arc of & curve corresponding to a 100-foot chord is greater than 100 feet. Similarly the sum of
2, 4, 5, or 10 equal subchords which subtend the arc measured by a 108.fuut chord ie reater than 100 feet.
The nominal lengths of these subchords are 50, 25, 20, or 10 feet, respectively. To these numinal lengths add
the corrections shown in the table to give the actual lengths of the subchords. Ezxample. Suppose it is desirable
to set stakes by subchords of 25-foot nominal length on a 20° curve. Eater the table for D = 20°. On this
line, in the column headed 25, is found the correction .119. To 25 add .119. This gives 25.119 feet as the
actual length of the subchord whose nominal length is 25 feet.

D. 50’ 25’ 20 10° D. 50’ 25’ 20’ 10’
3 .004 .003 .002 .001 27 .349 .218 .179 .092
4 .008 .005 .004 .002 28 .376 .235 .192 .099
5 .012 .008 .006 .003 29 .403 .252 .206 .106
6 017 011 .009 .005 30 .431 .270 221 .114
7 .023 .015 .012 .006 31 .461 .288 .236 .122
8 .030 .019 .018 .008 32 .491 .307 .252 .130
9 .039 .024 .020 .010 33 .523 327 .268 .138

10 .048 .030 .024 .013 34 .555 .347 .285 .147

1 .058 .036 .030 .015 35 .588 .368 .302 .156

12 .069 .043 .035 .018 36 .623 .390 .320 .165

13 .081 050 .041 .021 37 .659 .412 .338 174

14 .093 .058 .048 .025 38 .695 .435 .356 .184
16 .107 .067 .055 .028 39 .733 .458 .376 .194

16 .122 .078 .063 .032 40 771 .483 .396 .204
17 .138 .0868 .071 .036 41 .811 .507 .416 .214
18 . 155 .97 .079 041 42 .851 523 .437 225
19 .172 148 .088 .045 43 .893 .559 .458 .236

20 .191 .1i9 .098 .050 41 .936 .586 .480 2438

21 .21 .132 .108 .056 45 .980 .613 .502 .259

22 .231 144 118 .061 46 1.024 .641 .525 .271

23 283 .158 .130 .067 47 1.070 .670 .549 .283

24 275 .172 .141 .073 48 1.117 .699 .573 25

25 .299 .187 183 .079 49 1.165 729 .598 .308

28 .323 .202 .166 .085 50 1.214 .760 .623 .321

45.45.11

Figure 8-29.—Table of corractions for subchord lengths (chord definition).

deflection angle for station A (0°) on the
vernier. Then plunge the telescope and turn right
until you read the computed deflection angle for
station D (90°) on the vernier.

Suppose you wanted to shoot station D from
station B. The chord from station B to station D
is the dotted line BD. You can see that the
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deflection angle between chord AB and this
chord measures 90°, and you can see that the
same rule applies. Backsight on A, and set the
computed deflection angle for A (0°) on the
vernier. Then plunge the telescope, and tumn
until you read the computed deflection angle for
D (90°) on the vernier.

Lo 2]
At
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Curve Stakecut Table
(Chord Definition)
DelO® Le450.00 s 245°
Starion {Length [ ' o incpran Chord
PC1e5313
$6.17 | 4°37° (241 "50" {¢ 2/
79400 24L°80"
100.00 | 10%0°* | S°00’ 100 00
Jo+00 702" 22Y
100.00 | 10°00’| £°00’ 100.00
2it00 12749
100.00 | 10%°00° | 5*00* 100.00
fzr00 17°1£ 30"
100.00 |/0%00°* | %00’ 100.00
f3+00 22°/1 30
213 | 0°23’ lo*/'s0* 373
2113¢03.23 12°%°00
450 00 | 55°00°| 22°30°
45,358

Figure 8-30.—Curve stakeout table
(chord definition).

The rule, then, for turning the deflection
angle between any two adjoining chords is this:

. Plunge the telescope, backsight on the
appropriate station, and set the vernier to read
the computed deflection angle of that station.

2. Replung the telescope, and turn until you
read the computed deflection angle of the other
appropriate station.

Let’s go back, now, and compute the deflec-
tion angles for the curve (arc definition) shown
in figure 8-22. The computed deflection angle
for station 79 + 00 is 2°17'30"; you have
already turned that one. The computed deflec-
tion angle for station 80 + 00 is 7°17'30"". These
and the deflection angles for the other stations
on the arc are shown in figure 8-25.

You are set up at station 80 + 00. To turn the
deflestion angle between the chord from the
P.C. to 80 + 00 and the chord from 80 + 00 to
81 + 00, backsight on the P.C. and set the
vemier to read the computed deflection angle of
that station, which is 0°. Then plunge the
telescope, and turn until you read the computed
deflection angle of station 81 + 00 (which is
12°17'30"") on the vemier. When you have
turned the angle, measure off a full chord (99.87
ft) from station 80 + 00 along the linc of sight.
This locates station 81 + 00.
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Figure 8-31.—Deflection angles on a semicircle.

You can go ahead and locate station 82 + 00
with the transit still at station 80 + 00, or you
can shift to station 81 + 00 if field conditions so
demand. If you stay at station 80 + 00, you
locate station 82 + 00 as follows: turn right until
you read the computed deflection angle of
station 82 + 00 (17°17'30") on the vernier.
When you have turnel the angle, measure off
one full chord (99.87 ft) from station 81 + 00 to
locate station 82 + 00. Follow the same proce-
dure to set 83 + 00 and to check in to the P.T.

In addition to being staked out from the P.C.
and from intermediate stations, a curve may be
staked out with the instrument set up at the P.T.
If you want the chainmen to chain ahead from
the P.C. to the P.T., set the circle at 0°, back
sight on the P.C., and lay off the same deflection
angles you would use if the transit were at the
P.C. If you want the chainmen to chain back
from the P.T. to the P.C., set the circle at the
total deflection (A/f2), back sight on the P.1., and
turn in succession (toward the P.C.) to each
deflection angle (computed for each station)
from the P.T. back to the P.C., when you make
the last setting, your plate should read 0° and
you should be sighting the P.C.

Field Notes for Curve Layout

Figure 8-32 shows field notes for the curve
you staked out in figure 8-22. On the remarks
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Figure 8-32.—Field notes.

page, make a sketch, to a suitable scale, of the
tangents, and iocate and mark such points as the
last i{ull station before the P.C., the P.C., the
P.'Il:’ the P.T., and the first full station after the
P.T.

In the two right-hand columns of the data
page, sect down the curve data, such as the
central angle (4), the degree of curvature (D),
the length of the curve (L), and the tangent (T).

In the first column on the data page, under
“Station,” list the stations—not only those
which appear in the sketch, but also those full
stations which lie on the curve. Since the sketch
reads from the bottom up (so that du*a will be
presented as it appears in the field as you look
ahead on line), you list your stations from the
bottom up on the page.

In the second column on the data page, under
“Point,” list the character of each station—that
is, whether it is the P.C., the P.T., a P.O.L.
(point on line, such as stations 78 + 00 and 84 +
00), or a P.O.C. (point on curve, such as the
stations from 79 + 00 to 83 + 00 inclusive).

Next to each station on the curve (including
the P.C. and the P.T.), in the column headed
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“Comp. Defl. A.,” you list the computed aeflec-
tion angle (that is, the angle between the tangent
through the P.C. and the chord from the P.C. to
the station) for that particular station. The
computed deflection angle for the P.C. is 0°.
The computed deflection angle for the P.T. is
onc-half of the central angle. You have com-
puted the angles for the other stations.

Offset Curves

OFFSET CURVES are run outside a construc-
tion when it is not possible to run the centeriine,
or when an accurate alignment control is needed
for the actual limits of the borders o1 a
construction. In the case of a pavemeni, for
example, cffset curves are usually run ©on either
side of the centerline and at the sasne distance
from it.

Figure 8-33 shows a possible offset layout.
Usually offset stations are set and marked to
agree with the stationing along the centerline.
Note that the radius to any point on a circular
curve is perpendicular to the tangent which it
supports along the centerline. Therefore, all the

.-
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Figure 8-33.-Offset layout.

P.O.C.'s on the offset curves will be set at right
angles to the supporting tangents.

If the centerline is already in, and equal
chords have been used, P.O.C.’s on the offset
curves can be located -by bisecting the complete
angle between two adjacent P.O.C’s. If, for
exaraple, you are set up at station A in figure
8-33, bisect angle BAM using cither the outside
or the insidc angle. Now, with the line of sight
determined, the offset station can be measured
out from the centerline station to the Lpecified
offsct distance.

When an offset curve is laid out without the
centerline curve, compute the curve elements
using the same A and an R increased or reduced
by the distance from the centerline to the offset.

COMPOUND AND REVERSED CURVES

A COMPOUND CURVE consists of two or
more simple curves of different degrees of curve
following one another in the same general
direction and having a common tangent at the
point where they join. The point where the two
curves run together is called a POINT OF
COMPOUND CURVE (P.C.C.).

AR 3227

The following is a practical application of a
compound curve layout. When running a prelim-
inary road survey through mountainous terrain,
you will most likely select a course that offers
least resistance to construction. Instead of tun-
neling through a steep hill, follow the side of the
hill, increasing or dscreasing the elevation to
correspond with the connecting elevation on the
opposite side. In following around a hill, it will
be necessary to luy out shorter tangent lines
than usual with & different P.1. at each change in
direction. To change over from the tangent lines
to the actual proposed centerline of the road, it
may be feasible to have a curved section similar
to that shown in figure 8-34.

SB is the radius of curve No. 1 and SA is the
radius of curve No. 2. In laying out a compound
curve to intercept the course running into curve
No. | and out from curve No. 2, it is necessary,
for true alignment, that the sum of the tangents
to curve No. 1 and curve No. 2 be equal to the
length of the common tangent.

Begin as you would in laying out a simple
circular curve from P.C. to the point of com-
pound curvature P.C.C. Set up the transit at the
P.C.C. Set the circle at half the central angle of
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Figure 8-34.—Compound curve.

curve No. I and backsight on the P.C. If you
now turn the circle to 0°, you should be sighting
along the common tangent at the P.C.C. Lay out
curve No. 2 just like any other simple curve,
using the deflection angle method.

A reversed curve consists of two simple curves
which turn in opposite directions as shown in

figure 8-35. The two simple curves have a
common tangent, where they join, but their.
centers lie on opposite sides of the common
tangent. The point where the two curves join is
called A POINT OF REVERSED CURVE
(P.R.C.). The two curves may be of the same or
different degrees of curve. Figure 8-35 shows a
double reversed curve of two different degrees
of curve. Curve ABC is a single reversed curve
with the same degree of curve. Curve BCD shows
two different degrees of curve. Reversed curves
are used to advantage in the location of railroad
cross-overs and spur tracks leading to manufac-
turing or industrial plants. Lay out the first
section of a reversed curve just like any other
simple circular curve. Set up the transit at the
point of reversed curve (P.R.C.). Adjust the
circle so that it sights 0° along the common
tangent. Lay out the second simple curve on the
opposite side of the common tangent. rhe
P.R.C. at B may be considered as the P.T. of
curve No. | and also as the P.C. of curve No. 2.
Sct the instrument up at the second P.R.C. at C
and repeat the layout procedure.

The principles of computation used for simple
curves apply to all horizontal curves. Compound
and reversed curves merely continue on from the

45.363

Figure 8-35.—Reversed curves.
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end of the preceding curve. Like any simple
curve, a compound or reversed curve finally ends
inaP.T.

SPIRAL TRANSITION CURVES

SPIRAL CURVES are transition curves used
in railroad and highway work to provide a
gradual change between a straight and a curved
part of the road. Transition curves provide safer
and more comfortable riding by reducing the
tendency of the vehicle to lurch and to skid
while going around an abrupt curve in the
roadway. A more gradual transition from a
straight to a curved section of roadway also gives
the motorist more time and a greater distance
within which to adjust his steering wheel to the
anticipated curve. Spirals, therefore, should be
as long as possible. They may be true spirals or a
consecutive series of compound curves. The
degree of curve of a spiral changes uniformly
with the distance from some point of reference.
For example, note in figure 8-36 that the spiral
is relatively flat at the T.S. (the point of change
from tangent to spiral). This point represents the
beginning of the spiral where the curve starts
diverging fiom the main tangent. As the spiral
continues from the T.S. to the S.C. (the point of
change from the spiral to circle), the spiral
gradually beconies sharper until its radius be-
-. comes equal to that of the circular curve to
which it is connected.

The gpiral merges into the circular curve
between ‘he S.C. (point of change from spiral to
circle) and “the C.S. (point of change from circle

to spiral). Approaching the end of the curve, the
spiral once again flattens out between the C.S.
and the S.T. (point of change from spiral to
tangent). Figure 8-36 shows three distinct scc-
tions of the total curve, the central portion
being the circular curve, merging gradually at
each end into a spiral transition curve.

A spiral curve is laid out by setting up the
mstrument at the T.S. and laying out the first
spiral to the S.C. using chords and deflection
angles measured from the main tangent. Tables
are available from which you can obtain deflec-
tion angles (8) of a spiral curve from the T.S. to
any point on the spiral. For most highway work
it is conventional to use the 10-point spiral. It
may increase your understanding to compare the
layout of a spiral with that of a circular curve.
The T.S. of a spiral nay be compared to the P.C.
of a circular curve, the S.C. may be compared to
the P.T. of a circular curve. After laying out the
first spiral, move the transit to the S.C. and lay
out the circular to its end at the C.S., using
chords and deflection angles measured from an
auxiliary tangent at the S.C. Move the transit to
the S.T. and lay out the second spiral, working
back toward the C.S. The end of the second
spiral should coincide with the C.S. and thereby
provide a check on the accuracy of your work.

SUPERELEVATION AND WIDENING

“Superelevation™ is the term used by the
engineer to aescribe the banking of a curved
roadway. Superelevations are closely associated

with spiral transition curves in that they both
attempt to compensate for the centrifugal force
which tends to cause skidding outward from the
center of a curve. Straight sections of highways
are usually built with a slight convexity or
crown to take care of drainage. If the same
crown were continued around curves, it would
produce a hazard for fast moving traffic. To
minimize the danger of skidding, engineers
superelevate or bank the outer portion of the
curved section of the road. At the same time,
they usually widen the pavement as an addi-
tional safety measure. No attempt will be made
to discuss the computations involved in transi-

45.364 tion spirals, in superelevations, or in road widen-
Figure 8-36.—Spiral transitions. ing, because they are beyond the scope of this
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book. Such information is available in standard
textbooks on highway engincering.

VERTICAL CURVES

In addition to horizontal curves which go to
the right or left, roads also have curves that go
up or down. These curves in a vertical plane are
called VERTICAL CURVES. Vertical curves at a
crest or the top of a hill are called .SUMMIT
CURVES or OVERVERTICALS. Vertical curves
at the bottom of a hill or dip are called SAG
CURVES or UNDERVERTICALS.

GRADES

Verticul curves are used to connect stretches
of road which go up or down at a constant
slope. These lines of constant slope are called
GRADL TANGENTS (see fig. 8-37.) The rate of
slope is called the GRADIENT, or simply the
GRADE. (Do not confuse this use of the term
“grade” with other meanings such as the design
clevation of a finished surface at a given point,
or the actual clevation of the existing ground at
a given point.) Grades which ascend in the
dircction of the stationing are designated “plus™,
those which descend in the direction of the
stationing are designated “minus.”’ Grades are

STA 10+ 00

SYTA 12400
SYA 13+ 00
SYA 14+ 00
STA 15+ 00
STA 16+ 00

LENGTH OF VERTICAL CURVE =
YORIZONTAL DISTANCE FROM
BEGINNING TO END OF THE CURVE

I
- ) -
END OF VERTICAL CURVE
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Figure 8-37.—A vertical curve.

measured in terms of percent, that is, the
number of feet of risc or fall in a 100-foot
horizontal stretch of tise road.

After the location of a road has been deter-
mined and the necessary fieldwork has been
obtained, the engineer designs, or “fixes”, or
“sets”. the grades. A number of factors arc
considered, including the intended use and
importance of the road, and the existing topog-
raphy. If a road is too steep, the comfort and
safety of the users and fuel consumption of the
vehicles will be adversely affected. Therefore,
the design criteria will specify MAXIMUM
GRADES. Typical maximum grades are 4 per-
cent desired maximum. and 6 percent absolute
maximum, for a primary road. (The 6 percent
means, as indicated before, a 6-foot rise for cach
100 feet ahead on the road.) For a secondary
road or major strect, the maximum grades might
be 5 percent desired and 8 percent absolute
maximum, and for a tertiary road or a secondary
street, 8 percent desired and 10 percent (or
perhaps 12 percent) absolute maximum. Condi-
tions may sometimes demand that grades or
ramps, driveways, or short access streets go as
high as 20 percent. The engineer must also
consider MINIMUM GRADES. A street with
curb and gutter must have enough fall so that
the storm water will drain to the inlets; 0.5
percent is a typical minimum grade for curb and

gutter (that is, 1/2 foot, or 6 inches, minimun;-

fall for cach 100 feet ahead). For roads witii side
ditches, the desired minimum grade maght be |
percent; but since ditches may slopesat a grade
different from the pavement, a r0ad may be
designed with a 0 percent grade.  Zero percent
grades are not unusual, partic;ﬁlarly through
plains or tidewater areas. Another factor that is
considered in designing the finished profile of a
road is the EARTHWORK BA,LANCE. That is,
the grades should be set so that all the earth cut
off the hills may be cconomically hauled to fill
in the low arcas. In the design of urban streets,
the best utilization of the building sites adjacent
to the street will generally take precedence over
seeking an earthwork balance.

COMPUTING VERTICAL CURVES

As you have previously learned, the horizon-
tal curves used in highway work are generally
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the arcs of ciicles. But vertical curves are usually
PARABOLIC CURVES. The paraboia was cho-
sen primarily because its shape provides a
transition, and because it lends itself to compu-
tational procedures which are described in the
next section of this chapter. Designing a vertical
curve consists principally of deciding on the
appropriate LENGTH of the curve. As indicated
in figure 837, the length of a vertical curve is
the HORIZONTAL DISTANCE from the begin-
ning to the end of the curve; the length of the
curve is NOT the distance along the parabola
itself. The longer a curve is, the more gradual
will be the transition from one grade to the
next; the shorter the curve, the more abrupt the
change. The change must be gradual enough to
provide the required SIGHT DISTANCE (see
figure 8-38). The sight distance requirement will
depend on the speed for which the road is
designed, whether passing or nonpassing distance
is required, and other assumptions such as
reaction time, braking time, stopping distance,
height of eye, height of object, and so on.
Ty pical heights of eyc used are 4.5 feet or, more
recently, 3.75 feet; typical heights of object are
4 inches to 1.5 feet. For a sag curve, the sight
distance will usually not be significant during
daylight; but consideration must be given to
nighttime when the reach of headlights may be
limited by the abruptness of the curve. (See fig.
&-38.)

sight distonce

L of sight

Elements of Vertical Curves

Figure 8-39 shows the elements of a vertical
curve. The meaning of the symbols and the units
of measurement usually assigned to them fol-
low:

P.V.C. point of vertical cuivature; the
place where the curve begins.

P.V.L point of vertical intersection;
where the grade tangents inter-
sect.

P.VT. point of vertical tangency; where
the curve ends.

P.O.V.T. point on vertical tangent, applies
to an infinite number of points
on either tangent.

P.O.V.C.  point on vertical curve; applies to

any point on the parabola.

24 grade of the tangent on which
the P.V.C. is located; measured
in percent of slope.

25 grade of the tangent on which
the P.V.T. is located; measured
in percent of slope.

G the ALGEBRAIC DIFFERENCE
of the grades; G = g, - g
wherein plus values are assigned
to uphill grades and minus val-
ues to downhill grades; example

harght
a; 5;9 I height of obect
> _*-_-_—J headlight
sight

distonce

limito!
headlight
luminotion

45.366

Figure 8-38.—Sight distance.

«Hh A,

Q s'd

231




ENGINEERING AID 1 & C

L

STATIONING AMEAD

Pv.C,

[

Figure 8-39.—Elements of a vertical curve.

of various algebraic differences
are shown later in this section.
length of the curve; the HORI-
ZONTAL length in 100-foot
stations from the P.V.C. to the
P.V.T.
horizontal length of the portion
of the P.V.C. to the P.V.L;
measured in feet.
horizontal length of the portion
of the curve from the P.V.I. to
the P.V.T.; measured in feet.
vertical (external) distance from
the P.V.I. to th(iéurve, meas-
ured in feet; e = = where L is

the total length in stations and
G is the algebraic difference of
the grades in percent.

horizontal distance from the
PV.C. to any P.O.V.C. or
P.O.V.T. back of the P.V.I,, or
the distance from the P.V.T. to
any P.O.V.C. or P.O.V.T. ahead
of the P.V.1., measured in feet.

vertical distance (offset) from
any P.O.V.T. to the corre-
sponding P.O.V.C., measured in
feet; y = (x/1)*(e), which is the

232

fundamental relationship of the
parabola that permits conven-
ient calculation of the vertical
offsets.

The vertical curve computation takes place
after the grades have been set and the curve
designed. Therefore, at the beginning or the
detailed computations, the following are known:
£, 82, 1, 14, L, and the elevation of the P.V.I.
The general procedure is to compute the cleva-
tions of certain P.O.V.T.’s; then, using the
foregoing formulas, to compute G, thence e, and
thence the y’s, that correspond to the selected
P.O.V.T.’s. Adding or subtracting the y from the
elevation of the P.O.V.T. gives the elevation of
the P.O.V.C.; that is, the finished elevation on
the road, which is the end result being sought. In
figure 8-39, the y is subtracted from the
clevation of the P.O.V.T. to get the elevation on
the curve; but in the case of a sag curve they is
added to the P.Q.V.T. elevation to obtain the
P.O.V.C. ele-ation.

The computation of G requires careful atten-
tion to the signs of g; and g,. Vertical curves are
used at changes of grade other than at the top or
bottom of a hill; for example, an uphill grade
which intersects an even steeper uphill grade will
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be cased by a vertical curve. The six possible
combinations of plus and minus grades, together
with sample computations of G, are shown in
figure 8-40. Note that the algebraic sign of G
indicates whether to add or subtract y from a
P.O.V.T.

The selection of the points at which to
compute the y and the elevations of the
P.O.V.T. and P.O.V.C. is generally based on the
stationing. The horizontal alignment of a road is
usually staked out on 50-foot or 100-foot
stations, it is customary to compute the eleva-
tions at these same points so that both horizon-
tal and vertical information for construction will
be provided at the same point. The P.V.C,
P.V.1, and P.V.T. are usually set at full stations
or half stations. In urban work, elevalions are
sometimes computed (and staked) every 25 feet
on vertical curves. The same, or even closer,
intervals may be used on complex ramps and
interchanges.

The application of the foregoing fundamen-
tals will be presented in the next two sections
under symmetrical and unsymmetrical curves.

Symmetrical Vertical Curves

A SYMMETRICAL VERTICAL CURVE is
oric in which the horizontal distance from the
P.V.l. to the P.V.C. is equal to the horizontal
distance from the P.V.I. to the P.V.T. In other
words, 1, equals 1,.

The solution of a typical problem dealing
with a symmetrical vertical curve will be pre-
sented step by step. Assume that you know the
following data:

g = t+9%
g2 == 1%
L = 400.00, or 4 stations

The station of the P.V.I. = 30+00
The elevation of the P.V.I. = 239.12 feet

The problem is to compute the grade clevation
of the curve, to the nearest hundredth of a foot,
at each 50-foot station. Figure 8-41 shows the
vertical curve to be solved.

STEP 1: Pre.pare a table as shown in figure
8-42.

Column 1 saows the stations, column 2, the
elevation on tangents, column 3, the ratio of
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x/1, cclumn 4, the ratio of (x/1)?; column 5,
the vertical offsets [(x/1)%(e)), column 6, the
grade elevations on the curve, column 7, the first
differences, and column 8, the second differ-
ences.

STEP 2. Compute the elevations and set the
stations on the P.V.C. and the P.V.T.

«nowing the gradients at the P.V.C. and
P.V.T., the elevation and station at the P.V.1,
you can compute the elevations and set the
stations on the P.V.C. and the P.V.T. The
gradient (g,) of the tangent at the P.V.C. is
aven as + 9%. This means a rise in elevation of 9
feet for every 100 feet of horizontal distance.
Since L is 400.00 feet and since this is a
symmetrical vertical curve, 1, equals 1, equals
200.00 fect. Therefor., there will be a difference
of 9 x 2 or 18 feet between the elevation at the
P.V.I. and the elevation at the P.V.C. The
elevation at the P.V.I. in this problem is given as
239.12 feet. The elevation at the P.V.C., there-
fore, is 239.12 minus 18 or 221.12 feet.

Calculate the eclevation at the P.V.T. in a
similar manner. The gradient (g, ) of the tangent
at the P.V.T. is given as -7%. This means a drop
in elevation of 7 feet for every 100 feet of
horizontal distance. Since 1, equals 1, equals
200 feet, there will be a difference of 7 x 2 or
14 fect between the elevation at the P.V.I. and
the elevation at the P.V.T. The elevation at the
P.V.1. therefore is 239.12 feet minus 14 feet or
225.12 feet.

In setting stations on a vertical curve,
remember that the length of the curve (L) is
always measured as a horizontal distance. The
lalf-length of the curve is the horizontal dis-
tance from the P.V.I. to the P.V.C. In this
problem, 1, equals 200 feet. This is equivalent
to two 100-foot stations and may be expressed
as 2 + 00. Thus, if the station at the P.V.C. is 30
+ 00 MINUS 2 + 00 or 28 + 00. The station at
the P.V.T. is 30 + 00 PLUS 2 + 00 or 32 + 00.
List the stations under column 1.

STEP 3: Calculate the elevations at each
50-foot station on the tangent.

From step 2 you know that there is a 9-foot
rise in elevation for every 100 feet of horizontal
distance from the P.V.C. to the P.V.l. Thus for
every 50 feet of horizontal distance there will be
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G =g95-9
+15-(-10)

L

-8-(+8)

G =g5~-9,
= 12-(+6)
= 4+6%

RPVT,

45.368
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ELEV. 239.12
STA. 3000
P.V.I

i
i
I
i

lELEV. 221.12

ELEV. 225,12
STA. 32400
P.Vv.T.

50" STATIONS

45.369

Figure 8-41.—Symmetrical vertical curve.

a rise of 4.50 feet in clevation. The elevation on
the tangent at stution 28 + 50 is 221.12 plus
4.50 or 225.62 feet. The clevation on the
tangent at station 29 + G0 is 225.62 plus 4.50 or
230.12 feet. The clevation on the tangent at
station 29 + 50 is 230.12 plus 4.50 or 234.62
feet. Tl elevation on the tangent at station 30
+ 00 is 234.62 plus 4.50 or 239.12 feet. In this
problem, to find the clevation on the tangent at
any 50-foot station starting at the P.V.C., add

until you reach the P.V.I. At this point use a
slightly different procedure in calculating eleva-
tions because the curve slopes downwaid toward
the P.V.T. Think of the elevations as being
divided into two groups—one group running
from the P.V.C. to the P.V.l.; the other group
running from the P.V.T. to the P.V.L.
Proceeding downhill on a gradient of -7%
from the P.V.I. to the P.V.T., there will be a
drop of 3.5Q feet for every 50 feet of horizontal

4.50 to the clevation at the preceding station  distance. To find the elevations at stations
gty | o | e | et | ot | e |soent e
28400 (PVC) e s cccnaca e 22112 0 | O 0 221. 12
+4. 00
50, e 225. 62 %| Ye|—0.50 225. 12 +1.00
+3.00
20400 cm e e e 230. 12 Kl % [—200 228. 12 +1. 00
+2. 00
| . 234. 62 %| %e|— 450 230. 12 +1.00
+1. 00
30400 (P. V. 1) ccmneieecceaee e 230.12| 1 | 1 |—800 231. 12 +1. 00
.00
L 235. 62 ] %e | —4.50 231. 12 +1.00
—1.00
314000 e 232. 12 % |—200 230. 12 +1.00
~2.00
A 50 e 228. 62 % Ke|— .50 228. 12 +1 00
—3.00
32400 (PVT) ..o cecmmeceeeneae 22512 0 | O 0 225. 12
45.370

Figure 8-42.—Table of computations of elevations on a symm, rical vertical curve.
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between the P.V.I. and the P.V.T. in this
particular problem, SUBTRACT 3.50 from the
elevation at the preceding station. The elevation
on the tangent at station 30+50 is 239.12
MINUS 3.50 or 235.62 feet. The elevation on
the tangent at station 31+50 is 235.62 MINUS
3.50 or 232.12 feet. The elevation on the
tangent at station 31450 is 232.12 MINUS 3.50
or 228.62 feet. The elevation on the tangent at
station 32+00 (P.V.T.) is 228.62 MINUS 3.50 or
225.12 feet. The last subtraction provides a
check on your work thus far. List the computed
elevations under column 2.

STEP 4: Calculate (¢), the middle vertical
offset at the P.V.I.

First find (G), the algebraic difference of the
gradients using the formula

G=g, -8
G=-~-7-(#9)
G=-16%

The middle vertical offset (e) is calculated by
use of the formula e = L—g—, where L is the length

of the curve measured in horizontal stations and
G is the algebraic difference in gradients.

e = (“)(T"G)Ls.oo ft

The negative sign indicates e is to be subtracted
from the P.V.1.

STEP 5: Compute the vertical offsets at each
2

50-foot station, using the formula y = (li) e.

To find the vertical offset at any point on a
vertical curve, first find the ratio x/I, then
square it and multiply by e. For example, at
station 28+00, the ratio of x/1 = 50/200 = 1/4.

B -

The vertical offset at station 28 + 50 equals
(1/16) (—8) or —=0.50. Repeat this procedure to
find the vertical offset at each of the 50-foot
stations. List the results under columns 3, 4, and
5.

STEP 6: Compute the grade elevation at each
of the 50-foot stations.

When the curve is on a crest, the sign of the
offset will be negative, therefore, subtract the
vertical offset (the figure in column 5) from the
elevation on the tangent (the figure in column
2). For example, the grade elevation at station
29 + 50 is 225.62 minus 0.50 or 225.12 feet.
Obtain the grade elevation at each of the
stations in a similar manner. Enter the results
under column 6.

NOTE: When the curve is in a dip, the sign
will be positive, therefore, you will ADD the
vertical offset (the figure in column 5) to the
elevation on the tangent (the figure in column
2).

STEP 7. Find the turning point on the vertical
curve.

When the curve is on a crest, the turning point
is the highest point on the curve. When the curve
is in a dip, the turning point is the lowest point
on the curve. The turning point will be directly
above or below the P.V.I. only when both
tangents have the same percent of slope (ignor-
ing the algebraic sign). Otherwise, the turning
point will be on the same side of the curve as the
tangent with the least percent of slope.

The horizontal location of the turning point is
measured from the P.V.C. if the tangent with
the lesser slope begins there, or from the P.V.T.
if the tangent with the lesser slope ends there.
The horizontal location is fou:d by the formula:

a2
o

it

2

where:

X¢= distance of tumning point from P.V.C.
or P.V.T.

g = lesser slope (ignoring signs)

L = length of curve in stations

G = algebraic difference of slopes

For the curve we are calculating, the computa-
tions would be:

x¢=gL=7(4) = 1.75

g =
G 16

o582
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Therefore, the turmng point is 1.75 stations, or
175 feet, from the P.V.T. (station 30+25).

The vertical offset for the turning point
would be found by the formula.

Yy =<xt>2 e
\ 1

For this curve the computations would be:

7t =<§{>2 ¢ =<1.75) 1g=6.12
2

The elevation of the P.O.V.T. at 30+25 would
be 237.37, calzulated as explained earlier. The

elevation on the curve would be 237.37 — 6.12
= 231.25.

STEP 8: Check your work.

Onc of the characteristics of a symmetrical
parabolic curve is that the second differences
between successive grade elevations at full sta-
tions are constant. In computing the first and
second differences (columns 7 and 8), you must
take the plus or minus signs into consideration.
When you round off your grade elevation figures
according to the degree of precisicn required,
you introduce an error which will cause the
second differences to vary slightly from one
another. However, the slight variation docs not
detract from the value of the second differences
as a check on your computations. You are
cautioned that the second differences will not
always come out EXACTLY even and equal. It
is merely a coincidence that the second differ-
ences have come out exactly the same in this
particular problem.

Unsymmetrical Vertical Curves

An UNSYMMETRICAL VERTICAL CURVE
is a curve in which the horizontal distance from
the P.V.I. to the P.V.C. is different from the
bonzontal distance between the P.V.IL. and the
P.V.T. In other words, 1, does NOT cqual 1,.
Unsy mmetrical curves are sometimes described
as having unequal tangents and are referred to as
“dog legs.”

Figure 843 shows an unsymmetrical curve
with a horizontal distance of 400 feet on the left

and a horizontal distance of 200 feet on the
right of the P.V.l. The gradient of the tangent at
the P.V.C. is -4, the gradient of the tangent at
the P.V.T. is +6%. Note that the curve is in a
dip.

Given: Elevation at the P.V.1. is 332.68
feet
Station at the P.V.1. is 42+00
1, is 400 feet
1, is 200 fect
g, is-4%
22 is +6%

To Find: Calculate the grade elevations
on the curve to the nearest hundredth.

Figure 8-44 shows the computations. Set four
160-foot stations on the left side of the P.V.IL.
(between the P.V.I. and the P.V.C.). Set four
50-fooi stations on the right side of the P.V.L
(between the P.V.I. and the P.V.T.). The proce-
dure for solving an unsymmetrical curve prob-
lem is essentially the same as that used in solving
a symmetrical curve. There are, however, impor-
tant differences you should be cautior.ed about.
First, use a different formula for the calculation
of the middle vertical offset at the P.V.1. In an
unsymmetrical curve, substituting in the for-
mula:

1,1,
e = (81 -82)
2(1,+1,)
¢ =AAEL (4 (+6))
_ 8 -
e —1—2(10) = 6.67 feet

Second, you are cautioned that the check on
your computdations by use of second differences
does NOT work out the same way for an
unsymmetrical curve as for a symmetrical curve.
The second difference will not check for the

differences that span the P.V.L; this is because
an unsymmetrical curve is really two parabolas,
one on each side of the P.V.1., having a common
P.O.V.C. opposite the P.V.I. The second differ-
ence will check out, howe.er, back and ahead of
the first station on each side of the P.V.1.
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ELEY. 1'8.48
38¢0v

42800 +50 43+ 00 +00

P.v.C.,

HAA S

ELEV.

+50
]
1
i
: 1 344.68

STA. 42400

ELEV. 332.68 ©V--

£ { == 400.00

; £ ; =200.00 ——<1

45.371

Figure 8-43.—Unsymmetrical vertical curve.

Third, the tuming point is not necessarily
above or below the tangent with the lesser slope.
The horizontal location is found by one of fwo
formulas:

from the P.V.C.

xt=(ll)2 £1
e

from the P.V.T.

X = (12)* 8,
2

The procedure is to estimate which side of the
P.V.I. the turning point is on, then use the
proper formula to find its location. If the

Col. 6

Col. 1 Col, ? Col.3 | Colt Col.5 |
Statlons El‘:;‘,’,'ég::f ot ity \:)';{:('\f;l ;Grmh- clevation on curve
T i
38400 (P. V. C)) 348. 68 0 0 0 * 348. 68
39+ 00 [ 344. 68 Y% Yol + .42 1 345.10
2 ‘ 100 foot
- stations.
4000 1|1 340. 68 % Yl 4167 342.35
5
41+00 l 330, 68 % Yol +3.75 340,43
424-00(P. V. 1) 332. 68 1 1 |+ 6.67 339.35
t
42+ 50 [ 335. 68 % %el + 3.75 ! 339.43
B |
2. - I 1 . 50 foot
43+-00 . 348. 68 % Bt 167 | 340,35 stations,
3 .
13+ 50 l 34168 % Yol 4 .42 ! 342. 10
H i
!
44+00 (P. V. T\) 341.68 | 0 0 0 f 344. 68
45,372
Figure 8-44.—Table of computations of elevations on an unsymmetrical vertical curve.
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Chapter 8—HORIZONTAL AND VERTICAL CURVES

formula indicates that the tuming point is on
the opposite side of the P.V.1., y ou must use the
other formula to determine the correct location.
For example, you estimate that the turning
point is between the P.V.C. and P.V.L. for the
curve in figure 8-13. Solving the formula.

Xt = (118 = (44 =4800r
Qe (2) 6.67
station 42+80.

Station 42+80 is between the P.V.I. and P.V.T.,
so use the formula: v

= (1) (2 6 _
Xt = 228 g2 m-‘ 1.80 or
station 42+20.

Station 42+20 is thc correct location of the
turning point. The elevation of the P.O.V.T,, the
amount of the offset, and the elevation on the
curve is determined as previously explained.

d\ecking the Computation by Piotting

Always check your work by plotting the
grade tangents and the curve in profile on an
exaggerated vertical scale; that is, with the
vertical scale perhaps 10 times the horizontal
scale. The details of profile plotting are covered
in Engineering Aid 3 & 2. After the P.O.V.C.’s
have been plotted, you should be able to draw a
smooth parabolic curve through- the points with
the help of a ship’s curve or other appropriate
irregular curve; if you can’t, check your compu-
tations.

Using a Profile Work Sheet

After you have had some experience comput-
ing curves using a table as shown in the
foregoing examples, you may wish to eliminate
the table and write your computations directly
on a work print of the profile. The engineer will
set the grades and indicate the length of the
vertical curves. You may then scale the P.V.L
elevations and compute the grades if the engi-
neer hasn’t done so. Then, using the calculating
machine, compute the P.O.V.T. elevations at the

A

selected stations. You will find that you can set
up the computations in the calculating machine
so that you can carry the grades, the stations,
and the elevations in the machine from one end
of the preiiic to the other, checking in at each
previously set P.V.IL. elevation. Write the tangent
elevation at each station on the worksheet.
Wext, compute e; in the many cases where three
aignificant figures are sufficient, it is most
convenient to use your slide rule. Then compute
each vertical offset. mentally note the x/1 ratio,
then square it and multiply by e on your slide
rule. Write the offset on the work print opposite
the tangent elevation. Next, add or subtract the
offsets from the tangent elevations (either men-
tally or on the machine) to give you the curve
elevations which you then record on the work
sheet. Plot the P.O.V.C. elevations, and draw in
the curve. Last, put the necessary information
on the original tracing. The information gener-
ally shown includes grades, finished elevations,
ength of curve, location of P.V.C, P.V.I,
P.V.T., and the e. Figure 8-45 shows a portion
of a typical work sheet completed up to the
point of drawing the curve.

FIELD STAKEOUT OF
VERTICAL CURVES

The stakeout of a vertical curve consists,
basically, of marking the finished clevations in
the field to guide the construction personnel.
Detailed procedures for setting grade stakes are
covered in Engineering Aid 3 & 2. The proce-
dure for setting a grade stake is the same
whether it’s on a tangent or on a curve, so a
vertical curve introduces no special problem. As
indicated before, stakes are sometimes set closer
together on a curve than on a tangent; but this
will usually have been foreseen, and the plans
will show the finished grade elevations at the
required stations. If, however, the field condi-
tions do require a stake at an odd plus on a
curve, you may compute the néeded P.O.V.C.
elevation in the field using the data given on the
plans and the computational procedures in this
chapter.
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CHAPTER 9

ADJUSTMENT AND REPAIR OF
SURVEYING EQUIPMENT

As usel in surveying, the term ADJUST-
MENT has two meanings, depending on its usage
and intent. When applied to the instrument,
adjustment medns bringing the various fixed
parts into piuper relation with vne another, so
accurate results are obtuined when the instru-
ment is used. It is distinguished from the
ordinary operations of leveling the instrument,
aligning the telescope, and so forth. When the
term is used in connection with the results of a
survey, adjustment may mean one of the follow-
ing. (1) The proper distribution of errors of
closure in a closed traverse, (2) the angular
adjustment of a station andfor figure in a
triangulation network, or (3) the adjustment of
elevations in a level circuit. The adjustment of
survey results was discussed fully in previous
chapters of this training manual.

As used in this chapter, adjustment is con-
sidered in terms of the first definition and
information is presented on minor adjustmenis
and repairs of surveying insuruments and the
replaceme::t of equipment.

As a survey crew leader or party chief, the
EAl is responsible for the accuracy in which
survey results are obtained. In oider to obtain
accurate survey results, instruments must be
maintained properly. It is important that the
instruments are in adjustment at all times.
Proper adjustment will eliminate instrument
error, reducing the errors found in survey
results.

MINOR ADJUSTMENTS

Minor adjustments and munor repairs are
those that can generally be dJuue in the field
using simple touls, major adjustments and re-
pairs are those generally done at the factory. If
the defect 1n the instrument cannot be corrected

241

by minor adjustment or repair, do not attempt
to disassemble it, make necessary arrangements
for sending the instrument to the manufacturer.
Most surveying instrumnents are precision instru-
ments, major adjustments and recalibration need
special skills and tools that can be provided only
b *he instrument comnpany or its subsidiaries.
EA1 should be familiar with the minor
unents covered in this chapter. These ad-
nents are not laborious, nor are the basis of
the adjustment principles difficult to under-
stand. In order to make proper adjustments, it is
important that the EAl take the following into
consideration:

1. He must be familiar with the principles
upon which the adjustments are based.

2. He must know the methods or tests used
to determine if an instrument is out of adjust-
ment.

3. He must know the procedure for making
actual adjustments, and the correct sequence by
which they can be made expeditiously.

4. He must be able to tell what effect the
adjustment of one part will have on other parts
of the instrument.

5. He must understand the effect of each
adjustment upon the instrument when it is
actually used for measurement.

Generally, the adjustments of surveying in-
struments involve the level bubbles, telescope,
and tie reticle. For example, if one or both of
the plate level bubbles of an engineer’s transit
are centered when the plate is, in fact, not level,
the instrument is out of adjustment. Similarly,
an optical instrument equipped with vertical and
horizontal crosshairs is out of adjustment if the
point of intersection between the crosshairs do s
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not coincide with the “optical axis™. Similarly
again. if the reflected bubble on a Locke or
Abney level is centered when the optical axis is
other than horizontal, the instrument is out of
adjustment.

The process of adjustment involves chiefly the
steps which are necessary to bring a bubble to
center when it should be at center, or to bring a
crosshair point of intersection into coincidence
with the optical axis. Instrument manufacturers
publish handbooks containing recommended ad-
justment procedures. These are usualy small
pamphlets, obtainable free of charge. The Keuf-
fel & Esser Solar Ephemeris, an annual publica-
tion consisting chicfly of astronomical tables, is
such a pamphlet. Besides the tables, the Solar
Ephemeris contains detailed adjustment proce-
dures for K & E transits, levels, and alidades. _

The following sections, taken from the K & E
Solar Ephemeris, are intended to give you an
idea of general instrument adjustment proce-
dures. For adjusting particular instruments, you
shouid follow the appropriate manufacturer’s
instructions.

GENERAL ADJUSTMENT PROCEDURE

Instruments should be carefully checked peri-
odically to determine whether or not they need
adjustment. There is an adage that an instrument
should be checked frequently but adjusted
rarely. The basis for this adage is the fact that
modern quality instruments get out of adjust-
ment much less frequently than is generally
believed. Consequently, much need for adjust-
ment is caused by previously made improper
adjustments which were not really required, but
resulted from errors in checking.

Before it is assumed, then, that adjustmentis
necessury, it must be positively ascertained that
an apparent maladjustment is actually such, and
not a result of error in the check, or of
circumstances other than nialadjustment. The
following procedures should be followed in
checking.

1. Check on a cloudy day, if possible.

2. Ascertain that the tripod shoes are tight
and that the instrument is screwed all the way
down on the tripod.

3. Set up on firm ground, in shade but in a
good light, where a sight of at least 200 ft can be
taken in opposite directions.

4. Spread the tripod feet well apart and place
them so as to bring the plate approximately
level. Press the shoes in firmly, or set them in
cracks or chipped depressions if on a hardencd
surface. (Avoid setup on asphalt pavement in
warm weather.)

'5. After the tripod feet are set, release and
then retighten the wing nuts. The purpose of
this is to release any possible “‘residual friction™
which, if not released, might causc an eventual
shift in the legs.

6. Level the instrument with particular care.
After leveling, loosen all level screws slightly
(again to release residual friction) and relevel.
Tighten all screws with equal firmness, but avoid
tightening too tight. Too much tightness will
eventually deform the centers, causing both
friction and play.

7. Carry out all checks in the order pre-
scribed for the instrument. Do not make an
adjustment unless and until the same check,
repeated at least 3 times, indicates the same
amount of error every time.

8. Remember that most tests show an error
which is DOUBLE the actual displacement error
in the instrument.

Be especially watchful for “creep”—that is, a
change in position caused by settlement or by
temperature change in the instrument. To detect
any possible creep, allow every set bubble or set
line of sight to stand for a few seconds, and
ensure that no movement occurs during the
interval.

Before meoking an adjustment, consider
whether or not the error discovered will have a
material effect on field results. Make adjust-
ments in prescribed order, to avoid disturbing an
adjustment by a subsecquent adjustment. After
an adjustment is made, set up the parts firmly
but not too tight. Then repeat the original check
at once. After all the contemplated adjustments
have been made, repeat the entire round of
checks in the prescribed order. This will indicate
whether or not an adjustment has been dis-
turbed by a subsequent adjustment.
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TRANSIT ADJUSTMENTS

Figure 9-1 illustrates the meanings of the
terms “vertical axis”, “‘optical axis”, and “hori-
zontal axis” as they apply to a transit, engineer’s
level, or alidade.

The transit must be kept in good adjustment
to obtain accurate results. There are six tests and
adjustments of the transit that you must be
capable of performing. All tests and adjustments
of the transit are made with the instrument
mounted on its tripod and set up in the shadg.
These tests shouid be made periodically, in the
sequence in which they are discussed in the
following paragraphs. When one of the tests
mdicates that an adjustment is necessary, this
adjustment must be made and all previous tests

AZIMUTH

45334
Figure 9-1.~Principal axis of surveying instruments, such
as the transit, engineer’s level, or the alidade.

must be repeated before proceeding with the
next test.

Plate Bubbles Adjustment

The test of the plate bubbles should be made
every time the instrument is set up for use.
When an error in the adjustment of either plate
level is indicated, it is not always necessary to
make the adjustment, because the operation of
bringing the bubble halfway back to center by
turning the leveling screws makes the vertical
axis of the transit vertical. The adjustment must
be made, however, before other tests and adjust-
ment of the instrument. To make the axis of the
bubbles perpendicular to the vertical axis (fig.
9-2), perform the following steps:

1. Set up the transit and bring both bubbles
to the center of their tubes by tuming the
leveling screws (view A, fig. 9-2).

2. Rotate the instrument about its vertical
axis through 180° and note the amount the
bubbles move away from their center (view B,
fig. 9-2).

3. Bring the bubble of each tube half the
distance back to the center of its tubc by
turning the capstan screws at the end of each
tube.

4. Relevel with the leveling screws and rotate
the instrument again. Make similar correction if
the bubbles do not remain in the center of the
tubes.

AR
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45.751{82B)

Figure 9-2.—Adjustment of plate bubbles.
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5. Check the final adjustment by noting that
the bubbles remain in the center of the tubes
during the entire revolution about the vertical
axis (view C, fig. 9-2).

Crosshair Reticle Adjustiment

The point of intersection between the hori-
zontal and the vertical crosshairs should lic on
the optical axis. The optical axis is at the center
of the circular field of view through the tele-
scope.

To make the vertical crosshair lie in a plane
perpendicular to the horizontal ax:is (fig. 9-3),
follow the procedure below:

i. Sec that parallax is eliminated. Sight the
vertical crosshair on a well-defined point, and
with all motions clamped, move the telescope
slightly up and down on its horizontal axis,
using the vertical slow motion tangent screw. If
the instrument is in adjustment, the vertical
crosshair will appear to stay on the point
through its entire length.

2. If it does not, loosen the two capstan
screws aolding the crosshairs and slightly rotate
the ring by tapping the screws lightly.

3. Sight again on the point. If the vertical
crosshair does not stay on the point through its
entire length as the telescope is moved up and
down, rotate the ring s2ain.

4. Repeat this process until the condition is
satisfied.

45.752
Figure 9-3.--Adjustment of the vertical crosshair.

To make the line of sight perpendicular to the
horizontal axis (tig. 9-4), proceed as follows:

1. Sight on a point, A, at a distance of not
less than 200 fcet with the telescope normal;
clamp both plates.

2. Plunge the telescope and set another point,
B, on the ground at a distance from the
instrument cqual to the first distance, and at
about the same clevation as point A.

3. Unclamp the upper motion, rotate the
instrument about its vertical axis, and sight on
the first point (telescope inverted) and clamp.

4. Plunge the telescope and observe the second
point. If the instrument is in adjustment, the
point over which it is sct will be on a straight
line, AE, and point B will fall at position E. If
the instrument is not in adjustment, the inter-
section of the crosshairs (point C) will fall to
one side of the second point, B.

5. Measure the distance BC and place a point,
D, one-fourth of this distance back toward the
original point B.

6. Move the crosshair reticle horizontally by
loosening the screws on one side of the telescope
tube and and tightening the opposite screw until
the vertical crosshair appears to have moved
from C to the corrected position D.

7. Repeat this operation from No. 1 above,
until no error is observed.

115.75(45B)A
Figure 9-4.—Adjustment of the crosshair reticle.
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8. Repeat the test described for adjusting the
vertical crosshair, since the vertical crosshair
may have rotated during this adjustment.

Horizontal Axis Adjustment

To make the horizontal axis of the telescope
perpendicular to the vertical axis of the instru-
ment (fig. 9-5), perform the following steps:

1. Sight with the verticsl crosshair on some
high point, A. at least 30° above t.c horizontal
and at a distance of 200 ft, such as the corner of
the eaves of a stable building or other well-
defined objects, and clamp the plates.

A
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45.754

Figure 9-5.—Adjustment of the elevation axis.
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2. Depress the telescope and mark a second
point, B, at about the same level as the
tetescope.

3. Plunge the telescope, unclamp the lower
plate, and rotate the instrument about its
vertical axis.

4. Sight on the first point A.

5. Clamp the vertical axis and depress the
telescope. If the vertical crosshair intersects the
second or lower point B, the horizontal axis is in
adjustment. In this case, point B is coincident
with point D in both direct and reverse positions
of the telescope.

6. If not, mark the new point, C, on this
line and note the distance BC between this point
and the original point.

7. Mark point D exactly midway of the
distance BC. CD is the amount of correction to
be made.

8. Adjust by turning the small capstan screw
in the adjustable bearing at one end of the
horizontal axis to correct the error.

9. Repeat this test until the vertical cross-
hair passes through the high and low points in
the direct and inverted position of the telescope.

10. Check all previous adjustments.

Telescope Level Adjustment

To make the axis of the telescope level of the
transit paraliel to the line of sight, use the
TWO-PEG method which is used in the adjust-
ment of the engineer’s level. The method is the
same except that the correction is made by
raising or lowering the telescope level tube. (The
TWO-PEG method for adjustment of the Engi-
neer’s level is explained fully later in this
chapter.) The steps for performing the adjust-
ment of the transit telescope level are as follows.

1. The instrument is set up midway between
two stakes driven 200 to 300 feet apart.

2. A reading is taken through the tclescope
on a rod held on cach of the siakes. The
telescope must be carefully leveled before each
reading. The difference between readings is the
difference in elevation between the stakes.

3. The instrument is moved, set up, and
leveled close to one of the stakes. The eyepiece
should swing within about one-half inch of the
rod.
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4. The near rod is read through the objective,
and the far rod in a normal manner, leveling the
telescope carefully,  hefore cach reading. The
difference between tod readings should equal
the difference from No. 2 above, if the instru-
ment is in adjustment. 1f not, a correction must
be made.

S. To adjust, compute the reading that
should be muade on the far rod. This equals the
near rod reading plus the difference from No. 2
above.

6. Set the horizontal crosshair on the com-
puted reading using the slow motion screw, and
move one end of the spirit level vertically by
means of the adjusting nuts until the bubble is in
the center of the tube (fig. 9-6).

Vertical Circle Vemier
Adjnstment

To index the verticd circle vernier to read
zero when the instrument is leveled (fig. 9-7),
perform the following.

~, LIF_J_E OF SlGliT

1. Bring the telescope bubble to the center of
the tube.

2. Read the vernier of the verticas circle.

3. If it does not read zero, loosen the capstan
screws holding the vernier and move the index
until it reads zero on the vertical circle.

. Tighten the screws and read the vernier
with all the bubbles in the center of their tubes
to make sure that the vernier has not moved
during the operation.

ALIDADE ADJUSTMENTS

The adjustments of an alidade are similar to
thosec of a transit. The telescopic alidade also
requires six adjustments. They should be made
in the listed sequence. The seventh adjustment
given here is the only one required for the
self-indexing alidade. Prior to the alidade adjust-
ment, the planetable is set up and carefully
leveled.
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45.785

Figure 9-6.—Adjustment of the telescope bubble.

CORRECTED

Crosshair Reticle Adjustments

The following procedure is used to make the
line of sight through the crosshair intersection
coincide with the axis of the telescope (collima-
tion adjustment):

1. Point the alidade at a distant well-defined
point.

2. Rotate the telescope in its sleeve. The
intersection of the crosshairs should remain on
the distant point. If the distant point appears to
move away from either or both the crosshairs,

< 7 they should be adjusted.
3. Adjust cach crosshair separately until ihe
45.756 intersection of the crosshairs continually bisects
Figure 9-7.—Adjustment of the vertical circle the distant point as the telescope is rotated
vernier. through 180°.
246
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Vertical Crosshair Adjustment

To make the vertical crosshair perpendicular
to the horizontal axis of the telescope, perform
the following steps:

1. See that parallax is eliminated and that the
alidade is leveled. Sight the vertical hair on a
well-defined point, and move the telescope
slightly up and down on its horizontal sxis with
the slow motion screw. If the instrument is in
adjustment, the vertical crosshair will appear-to
follow the point through its entire length.

2. If it does not, loosen the screws holding
the crosshairs and slightly rotate the ring by
tapping the screws lightly.

3. Sight again on the point and if the vertical
crosshair does not follow the point through its
entire length as the telescope is moved up and
down, rotate the ring again.

4. Repeat this process until the condition is
satisfied.

5. Repeat the collimation adjustment check
above to make sure that the crosshair inter-
section still coincides with the axis of the
telescope.

Striding Level Adjustment

The following procedure is used to malfe the
axis of the striding level parallel to the line of

sight:

1. Clip the striding level into place on the
telescope.

2. Center the level bubble using the tangent
SCrew.

3. Unclip, reverse, and reclip the striding
level.

4. If the bubble is off center, bring it halfway
back using the tangent screw.

5. Complete the centering, using the pair of
capstan screws at one ¢nd of the bubble tube.

6. Repeat the test «nd adjustment until a
reversal of the striding level does not move the
bubble off center.

Vertical Arc Control Level
Adjustment

To make the vertical arc read true vertical
angles, perform the following.

>
Ay

£

1. Place the alidade on g stable, flat, approxi-
mately level surface.

2. Place the striding level on the telescope.

3. Center the bubble of the striding level in
its vial.

4. Move the zero graduation of the vernier
into coincidence with the 30° graduation of the
vertical arc. If the bubble of the vertical arc
control level comes to rest off center, use the
adjusting screws near one end of the vertical arc
control level to move the bubble until it is
centered in the vial.

Circular Level Adjustment

Circular level adjustment is made by the
following procedure:

1. Set up and approximately level the plane-
table.

2. Place the alidade near the center of the
drawing board.

3. Draw a line along the length of the alidade
blade.

4. Turn the alidade 180° and replace the edge
of the blade on the line previously drawn on the
board. The bubble of the circular level should
now come to rest at the center of the circle.

5. If the bubble comes to rest off center, the
blade must be checked for flatness. When the
test indicates the blade is warped, the blade
must be flattened. If a test of the level still
indicates an error, the bubble should be adjusted
by placing small shims under the edge of the
bubble holder.

Stadia Arc Adjustment

The following procedure is used to make the
stadia arc recad the true stadia factors for
horizontal and vertical corrections:

1. Test and adjust the vertical arc control
level, as described above.

2. Inspect the stadia arc index mark or
marks. The index for horizontal corrections
should be in exact coincidence with the arc
graduation numbered 100. The index for the
vertical corrections should be in exact coinci-
dence with the arc graduation numbered 50.
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3. When the bubbles of the striding level and
the vertical arc control level are both centered in
their vials and the stadia arc is not properly
positioned, loosen the index plate holding
screws with a screwdriver, move the plate to its
proper position, and clamp in place by retighten-
ing the screws.

Self-indexing Alidade Adjustment

To set the scales of the self-indexing alidade
at their correct values when the line of sight is
horizontal, perform the following steps.

1. Sct up and level the planetable over one of
two sclect :d points at about the samne elevation
and about 250 fect apart.

2. Place the rod against the planetable, slide
the left side of the alidade up to the rod, and
read the exact height of the friction adjusting
screw on the end of the telescope anle. A pencil
muark at this point on the rod will be helpful.

3. Move the rod to the other sclected point,
sight upon tie marked point, and read the
vertical angle scale.

4. Move and set up the planetable at the
second position.

5. Check the height of the adjusting screw at
this point and move the rod to the first point.

6. Sight on the second marked point (if not
the same as the first point) and read the vertical
angle scale.

7. If the instrument is in adjustment, the sum
of the two readings (3 and 6 above) will equal
180°. If the sum is not 180°, tie instrument
necds adjustment.

8. To adjust, loosen the capstan locknut to
the right of the tangent screw and move the
reading an amount cqual to one-half the differ-
ence between the sum and 180°.

For example:

Reading at position #1 = 89°48'
Reading at position #2 = 90°20'
Sum =180°08’
. _ 08 _ .
Amount of correction === = 04

(The sum is greate: than 18C°, so the cor-
rection is minus.)
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9. With the instrument still set up at the
second position, the value is changed, 90°20 -
04' = 90°16'.

ENGINEER’S LEVEL ADJUSTMENTS

A check of the instrument’s adjustment
should be made upon receipt from the supplier
and before it is taken to the field. It is necessary
to check the adjustments every day before
startmg work and at any time the instniment is
bumped or jolted. The instrument should be set
up and approximately leveled over both pairs of
screws. Since the check will also include the
optical assembly, the crosshairs and objective
should be focused sharply, using a well-defined
object at least 250 feet away, and then the
parallax removed. When parallax is present, the
image is not exactly in the plane of the
crosshairs and the objective focusing must be
refined. Since this condition can occur each time
the objective lens is focused, a parallax check
must be made whenever a new object is ob-
served.

The check and adjustment of an engineer’s
level is made in three steps and in the order
listed.

Telescope Level Adjustments

Adjustment of the bubble tube (fig. 9-8),
makes the axis of the bubble perpendicular to
the vertical axis. The adjustment procedure
follows:

1. Set the telescope over diametrically oppo-
site leveling screws, and center the bubble
carefully as shown in view A, figure 9-8.

2. Rotate the telescope 180° and note the
movement of the bubble away from the center
(view B, fig. 9-8).

/ / |
'© ©

®

45.757
Figure 9-8.—Adjustment of the bubble tube.
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3. Bring the bubble half the distance back to
the center of the tube by turning the capstan
screws at the end of the tube (view C, fig. 9-8).

4. Relevel with the leveling screws (view D,
fig. 9-8) and rotate the instrument again. Repeat
(3) above, if the bubble does not remain at the
center of the tube.

5. Check the final adjustment by noting that
the bubble remains in the center of the tube
during the entire revolution about the vertical
axis.

Crosshair Reticle Adjustments

The crosshairs are adjusted to make .he
horizontal crosshair lie in a plane perpendicular
to the vertical axis (See fig. 9-9.) The adjustment
is made by performing the following steps:

1. Level the instrument carefully.

2. Sight one end of the horizontal crosshair
on a well-defined point at least 250 feet away.
Turn the telescope slowly on its vertical axis,
using the slow motion screw. If the crosshairs
are in adjustment, the horizontal crosshair will
stay on the point through its entire length.

3. If it does not, loosen txo adjacent reticle
capstan screws and rotate the reticle by lightly
tapping two opposite screws.

4. Sight on the point again and if the
horizontal -wire does not follow the point
through its entire length, rotate the ring again.

5. Repeat this process until the condition is
satisfied.

OUT OF ADJUSTMENT

Line of Sight Adjustment

To adjust the line of sight parallel to the axis
of the bubble tube, use the “two-peg’ test
method (fig. 9-10). This method requires the
following steps:

I. Set up the instrument (first set-up, fig.
9-10); drive stake A about 150 feet away; drive
stake B at the same distance in the opposite
direction. Set up the instrument so that a pair of
opposite screws is parallel with line AB.

2. Take a rod reading ‘“a” on stake A and a
.od reading ‘“b’’ on stake B. With the instrument
exactly halfway between the two stakes, (b-a) is
the true difference in elevation between the
stakes.

3. Move the instrument close to stake A
(second set-up, fig. 9-10) so that the eyepiece
swings within a half inch from the rod.

4. Take arod reading “c” on stake A through
the objective lens, and a rod reading “d” on
stake B in the normal manner. If the instrument
is in adjustment (d-c) will equal (b-a).

5. If the instrument is out of adjustment,
calculate what the correct rod reading ‘“‘e”
should be on the fartherrod B(e =c +b - a). Set
rod reading e with a target for accurate reading.
Move the horizontal crosshair to the correct
reading (on target) by loosening the correct
vertical capstan screw and tightening the oppo-
site screw.

6. Check the horizontal crosshair adjustment
again. The ring may have rotated during this
adjustment.

IN ADJUSTMENT

116.75(45B)B

Figure 9-9.—Adjustment of the horizontal crosshairs.
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Figure 9-10.~Two-peg test method.

7. Rerun the peg test to check the adjust-
ment.

The adjustments described for the engineer’s
level are also applicable to adjustment of the
dumpy and wye levels.

MILITARY LEVEL ADJUSTMENTS

The military level, as described in Engineering
Aid 3 & 2, has a fixed reticle which does not
permit checking or adjusting the line of sight.
However, the circular level bubble and the main
level bubble must be checked and adjusted.
Whereas in the engineer’s level, the line of sight
was made parallel to the bubble axis; in the
military level, the bubble is adjusted to the line
of sight.

ERIC

IToxt Provided by ERI

250

Circular Bubble Adjustment

The adjustment of the circular bubble level is
similar to the adjustment of the long vial
bubbles which were discussed earlier in this
chapter, such as the plate level bubbles of the
transit. Two axes at right angles on the bubble
face are assumed and each axis is treated as if it
is the longitudinal axis of a plate level bubble.
The capstan screws on the base of the circular
bubble housing are adjusted so that the bubble
will remain in the center when the instrument is
turned in any direction.

Main Telescope Level
Bubble Adjustment

Adjustment makes the bubble tube axis and
the line of sight parallel. The two-peg method of
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adjustment is also used. The bubble is brought
into coincidence at cach pointing with the tilting
serew and the rod is read. The correction is
computed and the line of sight brought to the
corrected reading using the tilting screw. The
bubble is then adjusted roughly using the cap-
stan-head screw at the eyepicce end of the
bubble. Fine adjusting is completed by the
micrometer drum under the eyepiece of the
telescope. The two-peg test should be made to
check the final adjustment, and must be re-
peated after any disturbance of the objective.

Repair and adjustment of precision instru-
ments such as the theodolite, self-leveling level,
precise level, and lightwave and microwave
measuring devices should not be attempted by
the EA unless he has been to a school on these
various instruments. Emergency repairs to this
cquipment by the EA is very rarc. Precision
instruments are normally sent to a Quality
Evaluation Laboratory for adjustment and re-
pair.

HAND LEVEL ADJUSTMENTS

Generally, a hand level is designed to stand up
to rough usage without need for constant
adjusting. The level vial is protected, sealed in
position and kept firmly in adjustment. The
tubing is seamless, the threads are accurate, the
lens, the mirror prism, the level tube and the
cnd-picces are solidly mounted. Every part of
the hand level is rigidly held in proper position,
however, the level is very easy to adjust, if ever
it becomes out of adjustment.

The simplest method of adjusting the hand
level is by placing it alongside the engineer’s
level, the engineer’s level is first leveled and
sighted on a weli-defined point. Then when this
is done, the hand level is held alongside the
telcocope of the engineer’s level as it is sighted
on the point. The line of sight of the hand level
should hit the same point when its bubble is
centered.

If you are adjusting 4 rocke level, you must
mantpulate the screw at the end of the level tube
whicl controls the crosshairs defining the line of
sight, I it s an Abney level, you must rdise or
luwer one end of the level tube vial until the
LubbLlv 15 wentered, make sure that before deing

this, you have first sct the index to zero on the
graduated are.

A hand level that is out of adjustment may be
used to establish a horizontal line by employing
the principle of the two-peg test method (ex-
plained earlier in this chapter), with a little
variation. Let positions A and B, be two posts,
trees, corners of a building, or other convenient
objects on a fairly level ground and about 30 to
50 feet apart Let’s suppose that we selected two
trecs for this purpose, as shown in figure 9-11.
Using a sharp knife, make a small horizontal
notch, C, at a convenient height on the trunk of
trec A; hold the level against this notch, and
with the bubble centered, establish point D-
making a small notch also at this point. The level
is then held at notch D and point E is
established in the same manner when the level
was held at notch C. The distance CE would be
double the error, and point M, the midpoint
between C and E will therefore represent the
horizontal line through notch D. The Locke
level or the Abney level is adjusted according.

MINOR REPAIRS

As stated earlier in this chapter, minor rep.irs
to surveying instruments and equipment are
those that can be done in the field with the use
of simple tools. These repairs are done by the
SEABEES. Major repairs are done by instrument
specialists who, are generally employed by the
instruments manufacturers, and the repairs are
donc in the factory.

Whethzr or not you yourself, or someone else
in the battalion, should attempt the repair of a
damaged item of equipment depends on the
nature of the damage and the character of the
item. A broken tape, for example, can casily be
spliced (explained in Engincering Aid 3 & 2). On
the other hand, whether or not you should
attempt to straighten a bent compass needle
depends on the type of compass - for an ordi-
nary pocket compass, perhaps yes; for the
compass on a transit, perhaps no. Many types of
damage to such articles as range poles, tripod
legs, and the like may be repaired in battalion or
Public Works Department shops. Minor damage
to instruments may be repaired occasionally in
battalion machine shops, but major repairs to
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Figure 9-11.—Two-peg method of adjusting a hand level.

instruments, when they are ecconomically worth
while et all, should be done by manufacturers or
their authorized agents, or by competent Navy
instruinent repairmen.

REPLACFMENT PROCEDURE

When, in the judgment of the senior EA or
the Engincering Officer, an instrument is beyond
cconomical repair, it must be surveyed using
standard survey procedares which are explained
in Military Requircments fur Petty Officer 1 &
C. It must be replaced with a new one, which
may be obtaned through the Navy supply
system. Expendable items are procured in the
same manner.

Each individual item of equipment or supply
which is available through the Navy supply
system is identified by a stock number, and
listed and described in a stock catalog. The items
which may be drawn from supply by a battalion,
and the maximum number of such items a
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battalion may have, are set forth in Mobile
Construction Battalivn Table of Allowance
(TOA}, published by NAVFAC. When the num-
ber of items available in a battalion falls short of
the allowance (because of expenditure, wear,
casualty, loss, or some other type of attrition),
the shortage must be replaced.

Some items, such as range poles, sounding
poles, chaining pins, bull points, turning point
pins, targets, stake bags, equipment boxes, and
the like, may be replaced by manufacture in
battalion or Public Works Department shops.
Most items, however, are replaced from supply
that is, they are ordered from the necarest
available Naval Supply Depot.

An item is ordered by stock number in
accordance with a prescribed procedure with
which you must be familiar. Your source to
study for most of which you should know about
the Navy supply system is Militury Require-
ments for Petty Officer I & C. The use of supply
catalogs is discussed later in this training manual.




CHAPTER 10
DRAFTING LAYOUT, CHECKING, AND EDITING

The fundamental techniques of technical
drawing (such as different methods of projee-
tion. symbols used to indicate various features,
comventions followed with regard to line weights
and other  graphic  considerations,  structural
drawing details and drafting layouts) are de-
scribed in Dngineering Uid 3 & 2. This chapter
deals with cheching the organization and tech-
nical aveuracy of DRAFTING LAYOUT, which
might be considered as comprising the following
cousiderations:

1. What part of the data relating to a particu-
lar construction project can and should be
shown graphically?

2. What iy the minimum number of plans,
clevations, and details required to show all the
data clearly and aceurately?

3. What is the most feasible arrangement of
cach drawing?

4. Were all applicable standards and specifica-
tions followed correctly?

Generally, Engineering Aids attached to con-
struction battalions will be most frequently
concerned with the following broad categories
of drafting work:

1. Maps for advanced bases and airfields
(topographic maps).
2. Construction
roads and utilities.

drawings for structures,

As an EAl or CAC assigned as a drafting
roum supervisor,, working directly under the
enginecring officer, it is y our primary job to sce
that the format and arrangement of drawings
preparcd by your men ax in accordance with
navdl standards and specifications applicable to
each of the above categories. The Naval Facili-
tics Engineering Command (NAVFACQC) hus set
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up layout guidelines for specified drawing cate-
gories. Certain deviations from those guidelines
may be permissible us authorized by the QOpera-
tions Officer, and some deviations may be bascu
on your persondal experience in previous similar
undertakings which worked superbly Instruc-
tions for construction Jlayouts arc given in
Dravings und Specifications, NAVFAC DM-6. In
addition, a great variety of completed construc-
tion drawings of all types are available for study
In Facilities Planning Guide, Vol. 1, NAVFAC
P-437 (revlaces Advanced Base Drawings,
NAVFAC P-140),

BASE MAPS

The types and quantity of shore facility
planning maps prepared for an activity will vary
according to the size of the activity, its complex-
ity, and the planning problems and proposals
involved. These maps fall into three categories:
(1) GENERAL DEVELOPMENT maps, includ-
ing INDEX OF STRUCTURES, (2) RELATED
maps, and (3) SPECIAL maps.

GENERAL DEVELOPMENT MAPS

The general development map depicts the
total facilitics, both planned and existing, re-
quired to effectively support the mission of the
activity. It must show both existing physical
plant and planned facilities.

Scale

Due to the great variety in size and configura-
tion of activities, it is impossible to specify one
single scale to ce used for all drawings. Two
principles to be followed are. the number of
drawings will be held to a minimum, and
built-up or vongested arcas will be shown at a
scale of 1 in. = 200 fect. To accomplish this,
large undeveloped areas will be drawn at a small
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scale, and built-up arcas will be sliown at 4 scale
of 1 in. = 200 feet by means of inserts or
additional  drawings. Graphic scales  witl be
shown on cach drawing and for cach insert to
facilitate measurement after reproduction and
reduction,

In order to provide a comprehensive view of
an activity for orientation. comparisons. presen-
tations, and other purposes. it is required that
the first drawing of a general development map
show the complete outline and general layout of
the entire activity. How this is accomplished will
depend on the si.2 of the activity. The entire
general development map of a very small activity
will fit on a single drawing drawn &t 1 in. = 200
ft (or perhaps even larger). A larger but rela-
tively simple activity may fit a single drawing
when drawn at 1 in. = 500 ft, with inserts of
built-up arcas at 1 in. = 200 {t.

In the case of a large or complex activity
which requires more than one drawing for
complete presentation. « KEY MAP must be
prepared, on a scale small enough to show the
entire activity in o single drawing. As muany
additional drawings will be prepared. showing
built-up areas at 1 in. = 200 ft, as are necessary
to show all facilities. Lach of these drawings will
contain a small outline of the key map to oricnt
the individual drawings to the larger area.

Detail Delincation

The following is considered the MINIMUM
data that must be delineated and identified on a
ceneral development map:

!. Show all existing facilities. I1dentify cach
building or structure by 1ts approved permancnt
identification number, placed 10 a conspicuous
location. When possible aiso identify more im-
portant existing facilitics by name, placed so
that it is obvious to which cach refers.

2. Show all planned facilities, and identify
each by its ITEM IDENTIFICATION NUMBLR,
placed, if possible, within_the facility outline.
When possible, also identify more important
planned facilitics by name.

3. Show all planned and easting strects and
parking arcas. Identify existing strects by name
and planned streets by letter. Define parking
areas by stating car capacity.

Q
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4. Show plaimed and existing boundarics.

5. Show and identify any propertics to be
acquired or any pottion to be processed for
disposal. also any inactive areas.

6. ldentify type of ownership or use of
properties adjacent to the activity, such as
residential arcas. shopping centers,  industrial
plants, and the like.

7. Show and identify any mmportant struc-
tutes on adjacent non-Navy vwned properties
which might affect planning.

8. Indicate aceess to the activity by showing
main and seeondary entrances, gates, and fences,
both eaisting and planned. 1dentify the roads or
streets immediately  adjoining the activity, and
add «a note at the main entrance stating the
direction and distance 1o the nearest city.,

9. Indicate double or single trach for rail-
roads, spur lines, classification yards, and the
like.

10. Show U.S. bulkhead and sierhead. lines,
depth and  flow  of dredged arcas, channels,
stredams, rivers, ponds. lakes, and the like. Show
planned  dredging and land to be reclaimed.
Show soundings along the shoreline at frequent
intervals.

1. Show topography at 5 foot intervals for
the arca of the activity, indduding any arcas of
planned expansion.

12. Show existing wooded areas, marshes and
other surface soil features, including any plan-
ned mass plantings.

13. For airficlds, additional data is required
as follows:

a. Show a wind rose. A wind rose shows
the directions and durations of the prevailing
winds in the area. it may show the approximate
force of these as well. A wind rose in which all
three factors appear is shown in figure 10-1. The
central (0-10 knots) circle indicates that for 52
percent of the time, the winds in the area are of
less than 10-hnot (or relatively negligible) velo-
city. Qutside of the 10-knot cirde, the complete
360-degree azimuth is divided into 16 sectors.
The small figures in these sectors indicate the
percentage of the time during which the wind
blows, in the dircetion indicated by the sector,
at the indicated velocity. For example. in the
sector lying between azimuth about 12° and

<€0
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azimuth about 33°, there is 4 small 2.7 in the
10-20 knot space, and a small 0.1 in the 20-40
knot space. These figures mean that for 2.7
percent of the time a wind of between 10-20
knot force blows from mean azimuth 22.5°,
while for 0.1 percent of the time a wind of
between 2040 knots blows from the same
direction.

The parallel solid lines indicate the directional
orientation of the principal landing strip of the
airfield. Note that this has been oriented as
nearly as possible in line with the direction of
the strongest prevailing winds. The parallel

NOTE: MAGNETIC
YARIATION
9°20°E

dashed lines indicate the directional orientation
of the auxiliary or alternate landing strip. Note
that this has been oriented as nearly as possible
in line with the strongest of the prevailing winds
blowing oblique to the principal landing strip.
This makes it possible for traf’,: to be shifted to
the auxiliary air strip when strong winds un-
favorably oriented to the principal air strip are
blowing.

b. Show the airfield reference point. This
is a point selected and marked as the approxi-
mate center of the usable landing area which is
formed by joining runway ends.

20

82.59

Figure 10-1.—Wind rose.
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¢. Indicate the length, width, true bearing,
and directional numerals of each runway. The
direc tional numerals consist of two figures. one
of which is painted at one end of the runway
and the other at the other end. The figures are
one-tenth, to the nearest whole number, of the
degrees value of the magnetic azimuth of that
particular end of the runway. Suppose. for
example, that the azimuth of a runway is
72° 15'. Then the back azimuth is 72° 15’ +
180°, or 252° 15’, and the directional numerals
of the runway are 7-25.

d. Label the actual glide angle, as deter-
mined by existing obstructions, in ecach ap-
proach zone.

e. Designate the instrument runway.

14. Add a note stating the latitude and
longitude of the activity. For an air activity, this
is the latitude and longitude of the AIRFIELD
REFERENCE POINT, which is usually the point
of intersection between the centerlines of the
two principal intersecting landing strips. For
other activities, the latitude and longitude given
is often that of the flagpole.

15. Add brief notes summarizing important
data concerning land: state acreage and type of
ownership (Navy owned, leased, etc.) of ihe
activity and of any components, tenants, out-
lying facilities, annexes, outlecased or inactive
areas, etc.

16. Show a small, simple location map to
orient the c:tivity to the surrounding arca.

17. Show a standard title block, as described
in Engineering Aid 3 & 2.

18. Show an index of structures; such an
index provides a means for locating facilitics
shown on the drawings and lists basic data in
convenient form. For convenience it is divided
into two tabulations, one for existing and one
for planned facilities. In the case of a small
activity or an activity with few facilities, the
index will fit onto the same drawing that shows
the facilities. For a larger activity, the index may
be placed on a separate 28" X 40" sheet, oron
as many of these as required.

The index of structures is given in the form of
a table containing six columns with the informa
tion as follows:

Column | contains a list of the buildings and
structures in consccutive building number series,
with the index of existing structures above and
the index of planned structures below. A num-
ber for a planned structure is usually prefised by
the letter P. If a structure has more than one
use, repeat the number in column 1 as many
times as the structure has uses.

Column 2 indicates the location of the struc-
ture by map grid coordinates.

Column 3 describes the current use of the
structure.

Columns 4 and 5 list the total quantity of
such structures, column 4 giving the nuraber and
column 5 the unit of measure.

Column 6 contains any possible future :hange
in use.

Delineation Rules And
Conventions

The following rules and conventions apply to
the delineation of general development map
details:

1. Each map, drawing, or index shall be
prepared on a 28" X 40" (size F) sheet with titie
block and be assigned an appropriate NavFac
drawing number.

The drawing number is usually a six-digit
number and should appear in the title block in
this form. NAVFAC DWG NO. 482436. Each
sheet shall have a 1/2-in. margin at the top,
bottom, and right side, and a 1 1/4-in. margin on
the left-hand side.

2. Symbols, legends, and conventions mtst
conform to .urrent military standards. The
principal relevant s.andards are  described in
Engineering Aid 3 & 2.

3. Letters 3/32-in. high are the minimum size
for the smallest letters and numbers.

4. Each drawing will be prepared with a title
block, which will ngt be changed during the life
of the drawing. Information in the title block is
a permanent record. When a revision to a gencral
development map is required, a new drawing will
be prcpdared and the title block filled in with a
new NavFao drawing number. When amend-
ments or corrections to a drawing occur, this
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data will be imserted directly above the title
block.

The official name and location of the activity
will be given the greatest prominence and largest
size lettering in the title block. Identification of
the particular individual sheet (such as Key Map,
Outlying Facilities, Administration Area, etc.)
will be the next largest size lettering.

A general development map of an auxiliary
landing field is shown in figure 10-2.

RELATED MAPS

Related miaps are those principal maps re-
quired to support or assist in the formulation of
the general development map. Certain related
maps called REQUIRED related maps are basic
to all types of activities. These are:

1. A REGIONAL and/or VICINITY map. A
regional map orients the activity to the larger
surrounding region; a vicinity map illustrates the
relationship of the activity to the immediate
neighboring community.

2. A REAL ESTATE SUMMARY map, illus-
trating the activity’s legal boundaries and sum-
marizing its landholdings.

Other typical related maps are the EXISTING
CONDITIONS map, which shows existing facili-
ties and landscape features; and the LAND USE
map, showing the size, shape, and operational
use relationships between major land use areas
of an activity.

Related maps are prepared in the same general
format as prescribed for a general development
map. Maximum use should be made of existing
Navy maps and of maps available from outside
sources. These existing maps will be adapted for
the purpose intended and need not be redrawn
merely for reasons of format, however, when
new drawings are required, the format described
above must be followed.

Regional and/or Vicinity Map

As pointed out earlier, the vicinity map
illustrates the relationship of an activity to the
immediate neighboring .ommunity, and the
regional map orients the activity to the larger

surrounding area. These maps are subject to
considerable variaiion in the area covered and
the detail shown, depending upon the size of the
activity and its planning problems and the type
of community i which it is located. For
example, if an dqir station has outlying fields in
several locations, separate regional and vicinity
maps would be required, a vicinity map to show
details of the community surrounding the air
station, and a regional map to show the relation-
ship of the outlying fields to the air station and

to the area. In the case of a more compact
activity, however, both the regional map and the
vicinity map might be placed on a single
drawing. In the event that several activities are
located in one geographic arca, each might
require a separate vicinity map, but one regional
map would suffice for all.

To save time and effort in preparing new
drawings, local sources of existing maps must be
checked. The principal sources for existing maps
are the U.S. Army Topographic Command, the
U.S. Navy Oceanographic Office, the U.S. Geo-
logical Survey, the U.S. Coast and Geodetic
Survey, the Bureau of Public Roads, and the
Aeronautical Chart and Information Service
(Department of Commerce). In many cases,
maps from these sources are available which can
be adapted by adding the data peculiar to the
activity.

Regional Map Information

The following information should be shown
and identified on a regional map when feasible:

1. Features capable of influencing the de-
gree or direction of future development or
affecting capabilities of the activity.

2. All military installations. List all naval
activities on the map in or near the title block.

3. State, county, city, and town boundaries.

4. National and State parks, forests, and
recreational areas.

5. Airfields, missile and bombing ranges,
etc.

6. Major highways and railroads. Identify
inferstate and county roads by symbols, and
indicate destinations at edge of drawing.
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7. arbors. major rivers. streams. and vodics
of water (natural or artificial). Indicate direction
of {low.

8. Topography. it avadable. at 500" contour
or less interval.

9. Important ground forms such as moun-
tainls, swamps, cte.

10. A small location map of the arca in which
the region is situated.

11. Legend and graphic scale. A scale of 1 in.
=4 miles (1.250.000) is suggested.

Vicinity Map Information

The following information should be shown
and wlentified on a vicinity map when feasible:

1. Data prescribed for the regional map. if
applicable.

2. Adjacent built-up arcas. ldentify indus-
trial plants. hospitals. recreational areas, ceme-
teries. schools. cte.

3. Main and secondary entrances to the
activity.

4. Railroad data as ascertained by reference
to the railroad companies servicing the activity,
to the Manmual of the American Railroad Engi-
neering Association, and to the railroad sections
in Civil Engineering, DM-5.

5. Highway data as ascertained by coordina-
tion with the Bureau of Public Roads. Depart-

ment of Commerce. Identify principal
thoroughtares and streets.
6. Runway, range. and obstacle data as

ascertained by coordination with regional office
of Federal Aviation Agency, or with a nearby
Navy or Air Force air station or base.

7. Topugraphy. if available, at 20" contour
intervals.

8. Waterfront and hart or facilitics as ascer-
tained by reference to wi crfront operational
facilitics under appropriate NavFac design man-
ual.

S. A small lucation map of the arca in which
the vieinity map is located.

10. Legend and graphic scale. A scale of 1in.
=1 mile (1.62,500) is suggested.

A combmed regional and vicinity map is
shown in figure 10-3.

SPECIAL MAPS

Special maps are not a part of the general
development or related group. Examples are
traffic flow maps and utilitics maps.

A special purpose map is made with one ora
number of special purposes in mind and the map
specifications are written accordingly. If the
drawing s successfuily exceuted, it will be
completely “satisfactory for the purpose (or
purposes) for which it was intended; it may be
inadequate, however. tor other uses for which it
was not intended.

The planning for a large activity or for a
complex of activities may require special maps
of a more detailed nature than the planning for a
small or simple activity. Many of these special
maps can be produced by adding data to existing
maps. When new drawings must be prepared,
they will be in the same gencral format pre-
scribed for the general development map.

Some typical special maps are discussed in
following subsections.

Airfield Pavement Map

Existing, planned, and to-be-abandoned air-
ficld pavements will be shown on copics of the
general development maps to indicate strength
and type of pavements. An airfield pavement
map will show the airficld runways, taxiways,
aprons, shoulders, hardstands, end zones, and
crash strips. Controiling clevation points on the
plan drawings may be substituted for profiles in
the case of mass pavement areas such as apron
end zones. Runway centerline profile must be
extended through the end zones and crash strips.
Direction numerals, true bearings. runway
dimensions and gradient changes of the runway
centerline profile must be indicated, along with
a tabulation of pavement load bearing capacities.

Flight Obstruction Map

A flight obstruction map consists principally
of a plan and profile of each existing and
planned runway, extended 10 miles beyond the
end zone. The map, showing topographical
contours obtained from map sources, can be
drawn at an approximate scale of 1 in. = 1/2
mile. For the profile. the horizontal scale may
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